
S t o r a g e I S e d i m e n t a t i o n  F a c i l  it i e s  f o r  C o n t r o l  o f  
S to rm  and Combined Sewer O v e r f l o w s  

Des ign  Manual 

W .  M ichae l  S t a l l a r d ,  W i l l i a m  G.  Sm i th ,  
Ronald W .  C r i t e s ,  and John A. Lager  

M e t c a l f  & Eddy, I n c .  
Pal  o  A1 t o .  C a l i f o r n i a  94303 

C o n t r a c t  No. 68-03-2877 

P r o j e c t  O f f i c e r  

R i c h a r d  F i e l d  
Urban Watershed Management Branch 

N a t i o n a l  R i s k  Management Research L a b o r a t o r y  
Ed ison ,  New J e r s e y  08837 

N a t i o n a l  R i s k  Management Research L a b o r a t o r y  
O f f i c e  o f  Research and Development 

U.S. Env i ronmen ta l  P r o t e c t i o n  Agency 
C i n c i n n a t i  , Ohio 45268 

EPA/600/R-98/006



NOTICE 


The U .S. Env i ronmenta l  P r o t e c t i o n  Agency (EPA) t h r o u g h  i t s  O f f i c e  o f  Research 
and Development funded and managed t h e  p r e p a r a t i o n  o f  t h i s  document under 
C o n t r a c t  68-03-2877 w i t h  M e t c a l f  & Eddy, I n c .  The d r a f t  r e p o r t  was p repared  
i n  t h e  t i m e  frame o f  September 1979 t o  October 1981 and was r e v i s e d  i n  1997 
f o r  t h i s  p u b l i c a t i o n .  A l though  t h e  r e p o r t  was p repared  many y e a r s  ago, i t  was 
n o t  p u b l i s h e d  a t  t h a t  t i m e .  It i s  b e i n g  r e l e a s e d  c u r r e n t l y  i n  o r d e r  t o  
p r o v i d e  i n f o r m a t i o n  t o  communi t i es i n  s u p p o r t  o f  t h e i r  wet -weather  f l o w  
management e f f o r t s .  D e s p i t e  t h e  r e p o r t ' s  r e v i s i o n ,  some o f  i t s  c o n t e n t  may no 
l o n g e r  be e n t i r e l y  c u r r e n t .  The document has been s u b j e c t e d  t o  t h e  Agency's 
peer  and a d m i n i s t r a t i v e  rev iew,  and i t  has been approved f o r  p u b l i c a t i o n  as an 
EPA document. Men t ion  o f  t r a d e  names o r  commercial p r o d u c t s  does n o t  
c o n s t i t u t e  endorsement o r  recommendation f o r  use. 



FOREWORD 


The U . S .  Env i ronmen ta l  P r o t e c t i o n  Agency i s  cha rged  by  Congress w i t h  
p r o t e c t i n g  t h e  N a t i o n ' s  l a n d .  a i r ,  and wa te r  r e s o u r c e s .  Under a  mandate o f  
n a t i o n a l  e n v i r o n m e n t a l  l a w s ,  t h e  Agency s t r i v e s  t o  f o r m u l a t e  and imp lemen t  
a c t i o n s  l e a d i n g  t o  a  c o m p a t i b l e  b a l a n c e  between human a c t i v i t i e s  and t h e  
a b i l i t y  o f  n a t u r a l  systems t o  s u p p o r t  and n u r t u r e  l i f e .  To meet t h i s  mandate. 
EPA's r e s e a r c h  program i s  p r o v i d i n g  d a t a  and t e c h n i c a l  s u p p o r t  f o r  s o l v i n g  
e n v i r o n m e n t a l  p rob lems t o d a y  and b u i l d i n g  a  s c i e n c e  knowledge base necessa ry  
t o  manage o u r  e c o l o g i c a l  r e s o u r c e s  w i s e l y ,  u n d e r s t a n d  how p o l l u t a n t s  a f f e c t  
o u r  h e a l t h ,  and p r e v e n t  o r  reduce  env i ronmen ta l  r i s k s  i n  t h e  f u t u r e .  

The N a t i o n a l  R i s k  Management Research L a b o r a t o r y  i s  t h e  Agency ' s  c e n t e r  f o r  
i n v e s t i g a t i o n  o f  t e c h n o l o g i c a l  and management approaches f o r  r e d u c i n g  r i s k s  
f r o m  t h r e a t s  t o  human h e a l t h  and t h e  env i ronmen t .  The f o c u s  o f  t h e  
L a b o r a t o r y ' s  r e s e a r c h  program i s  on methods f o r  t h e  p r e v e n t i o n  and c o n t r o l  of 
p o l l u t i o n  t o  a i r ,  l a n d ,  w a t e r ,  and s u b s u r f a c e  r e s o u r c e s ;  p r o t e c t i o n  o f  w a t e r  
q u a l i t y  i n  p u b l i c  w a t e r  sys tems;  r e m e d i a t i o n  o f  c o n t a m i n a t e d  s i t e s  and ground 
w a t e r ;  and p r e v e n t i o n  and c o n t r o l  o f  i n d o o r  a i r  p o l l u t i o n .  The g o a l  o f  t h i s  
r e s e a r c h  e f f o r t  i s  t o  c a t a l y z e  development and i m p l e m e n t a t i o n  o f  i n n o v a t i v e ,  
c o s t - e f f e c t i v e  e n v i r o n m e n t a l  t e c h n o l o g i e s ;  d e v e l o p  s c i e n t i f i c  and e n g i n e e r i n g  
i n f o r m a t i o n  needed by EPA t o  s u p p o r t  r e g u l a t o r y  and p o l i c y  d e c i s i o n s ;  and 
p r o v i d e  t e c h n i c a l  s u p p o r t  and i n f o r m a t i o n  t r a n s f e r  t o  e n s u r e  e f f e c t i v e  
i m p l e m e n t a t i o n  o f  e n v i r o n m e n t a l  r e g u l a t i o n s  and s t r a t e g i e s .  

T h i s  p u b l i c a t i o n  has been produced as p a r t  o f  t h e  L a b o r a t o r y ' s  s t r a t e g i c  
l o n g - t e r m  r e s e a r c h  p l a n .  I t  i s  p u b l i s h e d  and made a v a i l a b l e  by  EPA'b O f f i c e  
o f  Research and Development t o  a s s i s t  t h e  u s e r  communi ty  and t o  l i n k  
r e s e a r c h e r s  w i t h  t h e i r  c l i e n t s .  

E.  ~ i m o f h y  Oppel t ,  D i r e c t o r  
N a t i o n a l  R i s k  Management Research L a b o r a t o r y  

i i i  



ABSTRACT 


T h i s  r e p o r t  d e s c r i b e s  a p p l i c a t i o n s  o f  s t o r a g e  f a c i  1  it i e s  i n  w e t - w e i t h e r  f l o w  
management and p r e s e n t s  s t e p - b y - s t e p  p rocedures  f o r  t h e  a n a l y s i s  and d e s i g n  o f  
s t o r a g e - t r e a t m e n t  f a c i l i t i e s .  R e t e n t i o n ,  d e t e n t i o n ,  and sed imen ta t i . on  s t o r a g e  
a r e  c l a s s i f i e d  and d e s c r i b e d ,  I n t e r n a t i o n a l  as w e l l  as n a t i o n a l  s t a t e - o f - t h e -
a r t  p r o j e c t s  a r e  d i s c u s s e d .  

R e t e n t i o n  s t o r a g e  f a c i l i t i e s  c a p t u r e  and d i s p o s e  o f  s t o r m w a t e r  r u n o f f  t h r o u g h  
i n f i l t r a t i o n ,  p e r c o l a t i o n ,  and e v a p o r a t i o n .  D e t e n t i o n  s t o r a g e  i s  t empora ry  
s t o r a g e  f o r  s t o r m w a t e r  r u n o f f  o r  combined sewer o v e r f l o w .  S t o r e d  f l o w s  a r e  
s u b s e q u e n t l y  r e t u r n e d  t o  t h e  sewerage system a t  a reduced r a t e  o f  f l o w  when 
downstream c a p a c i t y  i s  a v a i l a b l e ,  o r  t h e  f l o w s  a r e  d i s c h a r g e d  t o  t h e  r e c e i v i n g  
w a t e r  w i t h  o r  w i t h o u t  f u r t h e r  t r e a t m e n t ,  S e d i m e n t a t i o n  s t o r a g e  a l t e r s  t h e  
was tewa te r  s t ream by g r a v i t y  s e p a r a t i o n ,  The s t o r m w a t e r  r u n o f f  and combined 
sewer o v e r f l o w  must  be c h a r a c t e r i z e d  t o  e s t i m a t e  t h e  e f f i c i e n c y  o f  any 
s e d i m e n t a t i o n  b a s i n .  

The d e t a i l e d  d e s i g n  methodo logy  o f  t h e  s t o r a g e  a n d / o r  s e d i m e n t a t i o n  f a c i l i t y  
p r e s e n t e d  i n  t h i s  r e p o r t  i n c l u d e s :  i d e n t i f y i n g  f u n c t i o n a l  r e q u i r e m e n t s ;  
i d e n t i f y i n g  s i t e  c o n s t r a i n t s ;  e s t a b l i s h i n g  b a s i s  o f  d e s i g n :  s e l e c t i n g  s t o r a g e  
a n d / o r  t r e a t m e n t  o p t i o n ;  and c o n d u c t i n g  a c o s t  a n a l y s i s .  
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Sect ion  1 

INTRODUCTION AND USERS'  GUIDE 

As m u n i c i p a l  wastewater t r e a t m e n t  i s  upgraded i n  accordance w i t h  t h e  Federal  
Clean Water Act,  urban stormwater r u n o f f  and combined sewer o v e r f l o w s  (CSO) 
a r e  emerging as s i g n i f i c a n t  sources o f  s u r f a c e  w a t e r  p o l l u t i o n  i n  t h e  U n i t e d  
States.  A 1975 survey o f  56 p u b l i c  agencies l o c a t e d  th roughout  t h e  U n i t e d  

' I . .Sta tes  revea led  t h a t  . c o n t r o l  [o f ]  stormwater p o l l u t i o n  f rom sources o t h e r  
than e r o s i o n  t o  make s i g n i f i c a n t  improvements i n  e x i s t i n g  wet-weather q u a l i t y  
o f  streams, lakes ,  e tc . "  ranked second o n l y  t o  f l o o d  c o n t r o l  as a stormwater 
management goal [11. 

Temporary s to rage o f  r u n o f f ,  a w i d e l y  used method o f  f l o o d  c o n t r o l ,  i s  g a i n i n g  
acceptance i n  t h e  U n i t e d  S t a t e s  as a c o s t - e f f e c t i v e  means of reduc ing  t h e  
p o l l u t a n t  l o a d  o f  stormwater r u n o f f .  E x i s t i n g  f l o o d  c o n t r o l  f a c i l i t i e s  may be 
r e t r o f i t t e d  and new f l o o d  c o n t r o l  f a c i l i t i e s  des igned t o  enhance p o l l u t i o n  
removal. S i m i l a r l y ,  t h e  b a s i c  reason f o r  i n c o r p o r a t i n g  s to rage i n t o  CSO/urban 
r u n o f f  c o n t r o l  systems i s  t o  p r o v i d e  f l o w  e q u a l i z a t i o n  so t h e  o v e r a l l  c o s t  o f  
t h e  s to rage- t rea tment  system can be opt imized.  F low e q u a l i z a t i o n  a t  t h e  
t r e a t m e n t  p l a n t  and combined s to rage and/or  sed imenta t ion  e f f e c t s  have been 
demonstrated as c o s t - e f f e c t i v e  measures t o  reduce p o l l u t i o n  f rom CSO systems. 

The purpose o f  t h i s  des ign manual i s  t o  summarize a p p l i c a t i o n s  o f  s t o r a g e  
f a c i l i t i e s  i n  stormwater management and t o  p resent  s tep-by-step procedures f o r  
a n a l y s i s  and des ign  o f  stormwater and CSO s to rage and/or  sed imenta t ion  
t rea tment  f a c i  1it ies. The manual i s  d i  r e c t e d  toward  t h e  t e c h n i  c a l  des i  gner 
and p lanner  and p r i m a r y  emphasis i s  p laced on t h e  c o s t - e f f e c t i v e  r e d u c t i o n  o f  
t o t a l  p o l  1u t a n t s  discharged. 

STORMWATER, URBANIZATION, AND CONTROL 

Urban stormwater r u n o f f  i s  n o t  a new problem. Among t h e  e a r l i e s t  examples o f  
p u b l i c  works a r e  urban dra inage systems. The e a r l y  sewers were designed t o  
min imize  f l o o d i n g  by r a p i d l y  t r a n s p o r t i n g  converg ing  r u n o f f  th rough developed 
l o w - l y i  ng areas. The stormwater was d ischarged t o  n a t u r a l  dra inage ch.anne1s 
o r  streams w i t h  l i t t l e  regard  t o  downstream e f f e c t s .  

More r e c e n t l y ,  it has been recognized t h a t  urban areas have s i g n i f i c a n t  
impacts on stormwater r u n o f f  q u a n t i t y  and q u a l i t y  and on t h e  a t ta inment  o f  
downstream r e c e i v i n g  water  qua1 it y  o b j e c t i v e s .  The response o f  a watershed t o  
p r e c i  p i  t a t i  on f o r  undeveloped c o n d i t i o n s  and f o r  u r b a n i z e d  c o n d i t i o n s  w i t h  and 
w i t h o u t  stormwater c o n t r o l s  i s  i l l u s t r a t e d  i n  F i g u r e  1. 
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Figure 1 .  Response of  watershed t o  precipitation under different  conditions [ Z ] .  



I n  t he  f i g u r e ,  hydrographs show the  r a t e  of flow of runoff ( y - a x i s )  a t  a given 
p o i n t  versus time ( x - a x i s ) .  Under natural  condi t ions ,  ra in  f a l l i n g  on t h e  
g round  su r face  may d o  one of ,three th ings :  i t  may be in te rcepted  a n d  held on 
vege ta t ion ,  r o o t s ,  a n d  t h e  g r o u n d  as the  surfaces  a re  wetted; i t  may i n f i l t r a t e  
t h r o u g h  t h e  g r o u n d  sur face  a n d  perco la te  downward t o  become p a r t  of t he  
groundwater; o r  i t  may c o l l e c t  on t h e  sur face  i n  depressions o r  move across  t h e  
su r face  as runoff .  The paved areas  a n d  buildings t h a t  cha rac t e r i ze  a n  u r b a n  
envi ronment prevent o r  r e t a rd  i nfi  1 t r a t i  o n .  Urban  areas  usual l y  have much 1 ess  
vegetat ion s o  t h a t  i n t e rcep t ion  i s  reduced a n d  heavily t r a f f i c k e d  g r o u n d  
sur faces  compact a n d  become l e s s  pervious.  

P r e c i p i t a t i o n ,  f a l l i n g  t h r o u g h  t he  a i r  a n d  flowing over t h e  ground su r face ,  
cap tu res ,  d i s s o l v e s ,  a n d  suspends a portion of the  material  contacted a n d  
c a r r i e s  t hese  " p o l  1 u tan ts"  a1 o n g ,  usual l y  t o  a recei vi n g  water.  Densely 
populated areas  a re  charac te r ized  by the  discharge of waste mater ia l s  t o  t he  
a i r  a n d  g round  sur face  as well as t o  water bodies. Runoff from u r b a n  areas  i s  
contaminated by t h i s  waste ma te r i a l .  For example, i t  may contain t h r e e  t o  four  
times. t h e  concentrat ion of suspended material  as i s  t y p i c a l l y  found i n  raw 
domestic wastewater as well as s i g n i f i c a n t  q u a n t i t i e s  of t ox ic  a n d  oxygen 
demanding substances,  n u t r i e n t s ,  pest i  c ides ,  s a l t s ,  a n d  bacter i  a .  

In a d d i t i o n  t o  t he  pol lu t ion  content of u r b a n  runoff i t s e l f ,  t he  runoff i n  many 
older  c i t i e s  of the  United S t a t e s  i s  combined with municipal wastewater i n  t h e  
sewer system. Sewers were o r i g i n a l l y  constructed f o r  stormwater conveyance. 
When h u m a n  a n d  i n d u s t r i a l  wastes came t o  be recognized as u r b a n  problems i n  t h e  
mid a n d  l a t e  1 9 t h  century,  i n  many c i t i e s  these  wastes were introduced i n t o  the  
storm sewer system m a k i n g  i t  a combined sewer system. When overflows of 
combined sewers occur,  a mixture of runoff a n d  raw municipal wastewater i s  
s p i l l e d .  A typ ica l  combined sewer system i s  i l l u s t r a t e d  i n  Figure 2 .  I n  1 9 9 5 ,  
t h e  E P A  estimated the  C S O  abatement cos ts  f o r  t h e  1100 communities served by 
combined sewer systems t o  be over $40 b i l l i o n .  [3a] 

The cos t  of con t ro l l i ng  stormwater po l lu t ion  can be s u b s t a n t i a l .  The American 
Pub1 i c Works Assoc ia t ion ' s  1992  r e p o r t ,  Nati onwide Costs t o  Imp1 ement BMPs [3b] 
i d e n t i f i e d  poss ib le  capi ta l  cos t s  of u p  t o  $407 b i l l i o n  a n d  operat ion a n d  
maintenance cos t s  o f  $542 b i l l i on /yea r  t o  meet wate.r qua l i t y  s tandards f o r  
stormwater d i scharges .  Whil e 1egi s l  a t i  ve oversi g h t  revi ews a n d  reassessments 
may reduce o r  defer  elements' o f  the  p rogram,  the  development a n d  appl ica t ion  o f  
c o s t - e f f e c t i  ve control techno1 ogi es remains a n  essent i  a 1  nat i  o n a l  goal . 
The m a j o r  problem i n  con t ro l l i ng  stormwater runoff i s  i t s  v a r i a b i l i t y .  
Rainfal l  a n d  runoff occur as i n t e r m i t t e n t  a n d  random events ,  varying widely i n  
volume a n d  r a t e  of flow d u r i n g  s ing le  events a n d  from one event t o  t he  next .  
Transport  a n d  t reatment  f a c i l i t i e s  f o r  excess wet-weather flow control , s ized  
t o  handle some medium storm s i z e ,  f requent ly  a re  i d l e  d u r i n g  dry  periods a n d  
overf l  ow during 1arge storms. Secondary ( d u a l  ) use of f ac i  1 i t i  es during 
nonstorm periods may improve the i  r cost  e f fec t iveness  a n d  should be eval uated 
on a n  i n t eg ra t ed  t o t a l  system b a s i s ,  
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Figure 2. Common elements o f  a combined 
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Temporary s t o r a g e  o f  excess r u n o f f  can be an e f f e c t i v e  and economical method 
 
o f  c o n t r o  l i n g  stormwater f l o o d i n g  and p o l l u t i o n .  Storage c a p a c i t y  can reduce 
  
f l o w r a t e s  and enhance p o l l u t a n t  removals. Excess r u n o f f  s t o r e d  d u r i n g  l a r g e  
 
storms o r  d u r i n g  more i n t e n s e  r a i n f a l l  p e r i o d s  can be r e l e a s e d  s l o w l y  when 
 
c a p a c i t y  n t h e  d ra inage  and t r e a t m e n t  system o r  s t ream channel i s  
  
a v a i l a b l e  Because t h e  peak r a t e  o f  f l o w  i s  much l e s s ,  s m a l l e r  c a p a c i t i e s  a r e  
  
needed t o  t r a n s p o r t  and t o  t r e a t  t h e  same q u a n t i t y  o f  f l o w ,  and o v e r f l o w s  o r  
  
f l o o d i n g  occu r  l e s s  f r e q u e n t l y .  I n  some CSO systems i n  Europe, s e l e c t i v e  
  
s to rage  t i m e d  t o  peak p o l l u t a n t  l oads  has been e f f e c t i v e l y  implemented w i t h  
 
r e s u l t a n t  h i g h  p o l  1u t a n t  cap tu re .  
 

When t h e  s t o r a g e  c a p a c i t y  i s  exceeded, s to rage  bas ins  may p r o v i d e  t r e a t m e n t  t o  
 
t h e  o v e r f l o w  by sedimentat ion.  The a b i l i t y  o f  f l o w i n g  wa te r  t o  c a r r y  h e a v i e r  
 
s o l i d  m a t e r i a l s  i s  d i r e c t l y  r e l a t e d  t o  t h e  v e l o c i t y  o f  f l ow .  I n  t r a v e l i n g  
 
t h rough  a s t o r a g e  f a c i l i t y ,  t h e  stormwater slows, so t h a t  t h e  h e a v i e r  s o l i d s  
 
a r e  deposi ted.  By c a r e f u l l y  d e s i g n i n g  i n l e t  and o u t l e t  s t r u c t u r e s  t o  maximize 
 
t h e  sed imen ta t i on  e f f e c t ,  and p r o v i d i n g  some method o f  removing and d i s p o s i n g  
 
o f  cap tu red  s o l i d s ,  s i g n i f i c a n t  wa te r  q u a l i t y  b e n e f i t s  can be achieved. 
 

PURPOSE OF THE MANUAL 

Over t h e  pas t  decade, t h e r e  has been a l a r g e  commitment by t h e  U.S. 
 
Envi ronmental  P r o t e c t i o n  Agency (USEPA) t o  i d e n t i f y  p o l l u t i o n  sources o t h e r  
 
t han  m u n i c i p a l  wastewater d i scha rges  and t o  develop v i a b l e  methods f o r  t h e i  r 
 
c o n t r o l .  A l a r g e  amount o f  i n f o r m a t i o n  on s tormwater  r u n o f f  and, 
 
p a r t i c u l a r l y ,  CSO c h a r a c t e r i s t i c s  and t r e a t a b i l i t i e s ,  has been developed. 
 
Much l e s s  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  e f f e c t  o f  s tormwater  r u n o f f  on 
 
r e c e i v i n g  wa te r  impacts. The purpose o f  t h e  des ign  manual i s  t o  sumnarize t h e  
 
e x i s t i n g  i n f o r m a t i o n  f o r  s tormwater  and CSO s t o r a g e  and/or sed imen ta t i on  
  
c o n t r o l  f a c i l i t i e s ,  i n c l u d i n g  examples o f  f o r e i g n  p r a c t i c e ,  and t o  suggest 
 
step-by-step a n a l y s i s  and des ign  procedures f o r  t h e i r  a p p l i c a t i o n .  
  

ORGANIZATION 
  

For  ease o f  r e f e r e n c e  and cons is tency ,  c e r t a i n  t e r m i  no1ogy and c l  a s s i  f i c a t i o n s  
  
o f  c o n t r o l  systems have been adopted f o r  t h i s  manual (see S e c t i o n  3) .  B a s i c  
  
c a t e g o r i e s  a r e :  (1) t h e  t y p e  o f  c o l l e c t i o n  system, and ( 2 )  t h e  general  
 
placement o f  t h e  s to rage  and/or sed imen ta t i on  f a c i l i t y  o r  p r a c t i c e  w i t h i n  t h e  
  
c o l 1e c t i  on network. The use r  shou ld  recogni  ze t h a t  some devices,  t h e o r i e s ,  o r  
  
p r a c t i c e s  w i l l  f a l l  i n  more t h a n  one category.  I n  t h e s e  cases, t h e  d e t a i l e d  
 
d i s c u s s i o n  i s  p resen ted  i n  t h e  ca tegory  r e p r e s e n t i n g  t h e  most common use and 
 
c r o s s  r e f e r e n c e d  under o t h e r  c a t e g o r i e s .  F o r  example, sed imen ta t i on  t h e o r y  i s  
 
d e s c r i b e d  i n  connec t ion  w i t h  downstream c o n t r o l s  (where t r e a t m e n t  impacts a r e  
  
paramount) and i n f i l t r a t i o n / p e r c o l a t i o n  i s  d e s c r i b e d  under source c o n t r o l s  
  
(where maximum system s i z i n g  economies a r e  1ik e l y  t o  be achieved) .  
 
Fundamentals on s to rage  volume requi rements,  common t o  a l l  a p p l i c a t i o n s ,  a r e  
  
in t  roduced under "system p l  ann i  ng" and e l a b o r a t e d  upon where appl  icab1e under 
  
t h e  s p e c i f i c  c o n t r o l  d e s c r i p t i o n .  
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T y p i c a l l y  i n  stormwater management systems, problems and remedia l  c o s t s  
i n c r e a s e  as  one moves downstream i n  t h e  c o l l e c t i o n  network. Also,  t h e r e  t e n d s  
t o  be a d i r e c t  impact on t h e  des ign o f  downstream f a c i l i t i e s  as a consequence 
o f  a c t i o n s  o r  l a c k  o f  a c t i o n s  i n  terms o f  upstream c o n t r o l s ,  whereas t h e  
reverse  i s  n o t  t h e  case. The o r d e r  o f  p r e s e n t a t i o n  o f  t h e  des ign  procedures 
and t h e  des ign  c r i t e r i a  s t a r t s  w i t h  f a c i l i t i e s  f o r  combined sewer systems and 
t h e n  proceeds t o  separa te  s torm sewer systems. F a c i l i t i e s  f o r  d e t e n t i o n ,  
sed imenta t ion ,  and r e t e n t i o n  are  presented i n  t h a t  order .  

USERS'  GUIDE 

T h i s  manual i s  organized t o  present ,  i n  a l o g i c a l  sequence, s p e c i f i c  
a p p l i c a t i o n  methods and des ign  procedures f o r  s t o r a g e  and/or  sed imenta t ion  
c o n t r o l  of stormwater p o l l u t i o n .  It i s ,  however, a des ign manual , and 
s e q u e n t i a l  read ing  o f  t h e  m a t e r i a l  con ta ined h e r e i n  i s  n o t  necessary. As an 
a i d  t o  ready use o f  t h e  manual , t h e  f o l l o w i n g  d e s c r i p t i o n  o f  s e c t i o n  conten ts  
i s  prov ided.  

S e c t i o n  1 - I n t r o d u c t i o n  and Users '  Guide 

I n t r o d u c t i o n .  The problems o f  f l o o d i n g ,  groundwater l o s s ,  and water  p o l l u t i o n  
t h a t  may r e s u l t  f rom urban stormwater and CSO a r e  b r i e f l y  in t roduced.  The 
impor tance o f  stormwater as an urban p o l l u t i o n  source i s  emphasized. The 
p o t e n t i a l  o f  s to rage and/or sed imenta t ion  as a c o n t r o l  method i s  d iscussed.  

Purpose o f  t h e  Manual. The s p e c i f i c  aims o f  t h e  des ign  manual a r e  given. 

Organ iza t ion .  The c l a s . s i f i c a t i o n  scheme upon which t h e  manual i s  s t r u c t u r e d  
i s  descr ibed.  

Users '  Guide. A b r i e f  summary o f  t h e  purpose, conten t ,  and o r g a n i z a t i o n  o f  
each o f  t h e  chapters  i s  presented as a qu ick  r e f e r e n c e  f o r  t h e  p o t e n t i a l  u s e r  
o f  t h e  manual. 

S e c t i o n  2 - Urban Stormwater: An Overview 

Urban Stormwater Pol  1u t i o n .  The sources and r e p r e s e n t a t i v e  c h a r a c t e r i s t i c s  o f  
urban s tormwater  D o l l u t i o n  a r e  descr ibed:  t h e  conceDt o f  " f i r s t  f l u s h "  i s  
i n t r o d u c e d ;  and problem i n t e n s i f i c a t i o n  th rough urban development i s  
i1l u s t r a t e d  by example. The approach t o  r e c e i v i n g  water  p r o t e c t i o n  and 
r e s t o r a t i o n  as p r a c t i c e d  i n  t h e  U n i t e d  S t a t e s  i s  d e s c r i b e d  and t h e  impor tance 
and l i m i t a t i o n s  i n  e v a l u a t i n g  urban stormwater based impacts  a r e  discussed. 

Urban Stormwater C o n t r o l .  The use o f  s to rage f a c i l i t i e s  f o r  r e t e n t i o n ,  
i n f i l t r a t i o n / p e r c o l a t i o n ,  and f l o w  a t t e n u a t i o n  i s  o u t l i n e d  b r i e f l y  and 
p o t e n t i a l  r e s u l t i n g  water  q u a l i t y  b e n e f i t s  a re  d iscussed.  Opt iona l  
supplemental  o r  a l t e r n a t i v e  c o n t r o l s  t o  s to rage a r e  d e s c r i b e d  and t h e  need f o r  
an i n t e g r a t e d  approach i s  s t ressed.  
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S e c t i o n  3 - Terminology and C1 ass i  f i c a t i o n  o f  Storage/Sedimentat ion F a c i l  it i e s  

Terminology. The most commonly used terms a r e  d e f i n e d .  

C1 a s s i  f i c a t i o n .  The c l a s s i f i c a t i o n s  o f  s to rage and/or sed imenta t ion  
f a c i l i t i e s  a re  d iscussed based on (1)  major  f u n c t i o n ,  ( 2 )  l o c a t i o n  w i t h i n  t h e  
sewerage network,  and ( 3 )  t e c h n i c a l  c o n f i g u r a t i o n .  

Sec t ion  4 - System Planning,  Design Procedures, and I n t e g r a t i o n  

Planning.  P lann ing  concepts, methodologies,  and t o o l  s common t o  a l l  s to rage 
m e d i m e n t a t i o n  appl i c a t i o n s  are in t roduced.  The need f o r  goal s e t t i n g  
and r e a l  i s t i c  appra isa l  s as fo rerunners  t o  des ign a r e  s t ressed.  

Design Procedures. Design procedures for  b o t h  combined sewer systems and 
separate storm sewer systems a r e  descr ibed. The t o p i c s  covered i n c l  ude 
problem i d e n t i f i c a t i o n ,  da ta  needs, d e t e r m i n a t i o n  of p o l l u t a n t  loads,  i d e n t i ­
f i c a t i o n  o f  pol  1u t a n t  removal o b j e c t i v e s  , c o n t r o l  o p t i m i z a t i o n ,  po l  1 u t a n t  
budget  ana lys is ,  and o p e r a t i n g  s t r a t e g y  f o r  design. 

I n t e g r a t i o n .  The r o l e  o f  s to rage/sed imenta t ion  f a c i l i t i e s  i n  an i n t e g r a t e d  
stormwater management p l  an i s  discussed. The c o n c u r r e n t  growth o f  stormwater 
c o n t r o l  systems and urban areas i s  examined. R e t r o f i t  o f  e x i s t i n g  f l o o d  
c o n t r o l  and dra inage f a c i l i t i e s  t o  maximize p o l l u t i o n  c o n t r o l  i s  d iscussed. 
Examples o f  urban stormwater c o n t r o l  are descr ibed t o  i l l u s t r a  e the  severa l  
p o i n t s .  

Sec t ion  5 - Design o f  Reten t ion  Storage F a c i l i t i e s  

Design Cons idera t ions .  The p r i n c i p a l  f a c t o r s  a f f e c t i n g  des ign a r e  t h e  s i z e  
and l o c a t i o n s  o t  t h e  f a c i l i t i e s .  F a c t o r s  t h a t  i n f l u e n c e  f a c i l  t i e s  s i z e  a r e  
descr ibed and i n c l u d e  vo l  ume, s u r f a c e  area, s o i l  permeabi l  i t y ,  and i n f i l ­
t r a t i o n  ra tes .  
  Cons idera t ions  r e l a t e d  t o  t h e  l o c a t i o n  and s i t i n g  o f  t h e  
f a c i l i t i e s  a re  a1 so in t roduced.  
  

Design Procedures. A step-by-step procedure i s  d e s c r i b e d  f o r  t h e  p l a n n i n g  and 
des ign o f  r e t e n t i o n  f a c i l  i t i e s .  The procedure i n c l u d e s  b a s i n  s i z i n g  r e q u i r e ­
ments such as f l o w  r o u t i n g  and p o l l u t a n t  removals, f a c i l i t i e s  s i t e  e v a l u a t i o n ,  
f i n a l  des ign f a c t o r s ,  and s o l i d s  c o n t r o l  and removal f a c i l i t i e s .  

Performance. The removal e f f i c i e n c i e s  and t r e a t m e n t  e f f e c t i v e n e s s  o f  r e t e n ­
t i o n  ponds are  discussed. C o n s t i t u e n t s  o f  concern a r e  d e s c r i b e d  and i n c l u d e  
o r g a n i c  compounds, b a c t e r i a ,  and v i r u s e s .  

Operat ions.  Operat ional  problems w i t h  stormwater r e t e n t i o n  f a c i l  i t i e s  a re  
h i g h 1  i g h t e d  a long w i t h  s o l u t i o n s  t o  m i t i g a t e  these problems. Special  
a t t e n t i o n  i s  g iven  t o  t h e  c o n t r o l  and removal o f  s o l  i d s  and f l o a t a b l e s .  

Costs. Cost curves a r e  presented f o r  e s t i m a t i n g  t h e  c o n s t r u c t i o n  c o s t s  o f  
r e t e n t i o n  and s torage ponds. 
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S e c t i o n  6 - Desian o f  D e t e n t i o n  F a c i l i t i e s  

Design c o n s i d e r a t i o n s  are  d iscussed f o r  onsi  t e  d e t e n t i o n  and f o r  in-system 
d e t e n t i o n  storage. Ons i te  d e t e n t i o n  i s  e x e m p l i f i e d  b y  r o o f t o p s ,  p a r k i n g  l o t s  
and s t r e e t s ,  dra inage swal es , and d e t e n t i o n  r e s e r v o i r s .  In-system d e t e n t i o n  
i n c l u d e s  a v a i l a b l e  s torage i n  underground c o n d u i t s  and o f f 1  i n e  s torage.  A 
s tep-by-step des ign approach i s  presented f o r  b o t h  o n s i t e  and in-system 
d e t e n t i o n .  Operat ion and maintenance c o n s i d e r a t i o n s  a r e  a1 so discussed. 

S e c t i o n  7 - Design o f  Storage/Sedimentat ion F a c i l  it i e s .  

D iscuss ions  s i m i l a r  t o  Sec t ions  5 and 6 are p resented  f o r  t h e  des ign o f  
s to rage/sed imenta t ion  f a c i l  it i e s .  Representa t ive  process schematics a r e  
presented f o r  planned o r  c o n s t r u c t e d  f a c i l i t i e s  i n  t h e  U n i t e d  States.  Data 
a r e  g iven on actua l  and expected removal r a t e s  f o r  several  f a c i l i t i e s .  A 
step-by-step des ign procedure i s  p rov ided as w e l l  as p r e l i m i n a r y  c o s t  data. 

S e c t i o n  8 - I n t e r n a t i o n a l  Perspec t ive .  

A technology rev iew o f  severa l  i n t e r n a t i o n a l  p r o j e c t s  i s  presented. The 
r e v i e w  i n c l u d e s  f low c o n t r o l  dev ices developed i n  Sweden, Denmark, and 
Germany; a f l o w  ba lanc ing  system developed and a p p l i e d  i n  Sweden; and an 
i n n o v a t i v e  sel f -c lean ing  s to rage/sed imenta t ion  b a s i n  used i n  Z u r i c h ,  
S w i t z e r l  and. 

Appendixes 

Appendix A - Pol 1u t a n t  C h a r a c t e r i z a t i o n  and E s t i m a t i o n  o f  Removal . The 
c h a r a c t e r i z a t i o n  of p o l l u t a n t s  based on sample c o l l e c t i o n  and a n a l y s i s ,  
p o l l u t a n t s  t o  be analyzed, p a r t i c l e  s i z e  de terminat ion ,  and p o l l u t a n t  d i s t r i ­
b u t i o n  versus p a r t i c l e  s i z e  and s p e c i f i c  g r a v i t y  a r e  presented. A suggested 
a n a l y t i c a l  method f o r  f l o w  r o u t i n g  and p o l l u t a n t  r o u t i n g  i s  descr ibed.  

Appendix B - Assessment Methods. Several desk t o p  and computer h y d r o l o g i c  
and stormwater p o l l  u t i o n  a n a l y s i s  methods are  1 i s t e d .  

Appendix C - I n f i l t r a t i o n  Measurement Techniques. S o i l  i n f i l t r a t i o n  r a t e  
t e s t i n g  procedures f o r  use i n  i n v e s t i g a t i n g  stormwater r e t e n t i o n  s i t e s  a r e  
presented. 
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S e c t i o n  2 

URBAN STORMWATER: AN O V E R V I E W  

Stormwater c o n t r o l  and d i s p o s a l  have been recogn ized  as s e r i o u s  urban p rob lems  
f o r  many c e n t u r i e s .  T r a d i t i o n a l l y ,  t h e  ma jo r  goal o f  s tormwater  management 
has been t o  reduce t h e  i n c i d e n c e  and s e v e r i t y  o f  f l o o d i n g .  Other  goa ls  
i n c l u d e  c o n t r o l  of s o i l  e r o s i o n  and sed imen ta t i on ,  and p r o t e c t i o n  and 
enhancement o f  stormwater as a groundwater recharge source. I n c r e a s i n g l y ,  
s tormwater  a l s o  i s  b e i n g  recognized as a s i g n i f i c a n t  source o f  urban wa te r  
p o l 1u t i o n .  

Hydro logy i s  t h e  s tudy  o f  t h e  occurrence, d i s t r i b u t i o n ,  movement, and 
p r o p e r t i e s  o f  t h e  water  on t h e  e a r t h .  S ince t h e r e  a re  numerous t e x t s  
a v a i l a b l e  t h a t  d i scuss  hyd ro logy  i n  d e t a i l ,  a rev iew  o f  t h e  h y d r o l o g i c  
fundamentals w i l l  n o t  be presented here. I f  t h e  reader  needs a d d i t i o n a l  

-- [l].background i n  t h i s  area, a t y p i c a l  t e x t  i s  t h a t  o f  W. Viessman e t  a l .  
However, i n  b r i e f  summary, t h e  e f f e c t s  o f  u r b a n i z a t i o n  on t h e  way i n  which 
s tormwater  r u n o f f  i s  generated a r e  t o  i n c r e a s e . t h e  r a i n f a l l  excess p o r t i o n  o f  
t h e  hyetograph and t o  i n c r e a s e  t h e  peak o f  t h e  hydrograph. Hydrographs and 
hyetographs f o r  t h e  same r a i n  event  on a watershed under b o t h  developed and 
undeveloped c o n d i t i o n s  a r e  shown i n  F i g u r e  3. As can be seen, t h e  t i m e  t o  
peak decreases and t h e  r u n o f f  volume inc reases  w i t h  u r b a n i z a t i o n .  

The p o l l u t a n t s  o f t e n  found i n  urban r u n o f f  and CSOs a r e  d e s c r i b e d  and t h e i r  
impor tance  assessed. Commonly a p p l i e d  stormwater c o n t r o l  methods t o  m i n i m i z e  
adverse impacts  a r e  i n t roduced .  

URBAN STORMWATER POLLUTION 

As p r e c i p i t a t i o n  f a l l s  on and t r a v e l s  th rough  t h e  urban environment,  it 
c o n t a c t s  and i s  contaminated by p o l l u t a n t s .  F a l l i n g  th rough  t h e  a i r ,  
p r e c i p i t a t i o n  d i s s o l v e s  (e.g., " a c i d  r a i n " )  and c o l l e c t s  p o l l u t a n t s  such as 
smog, dus t ,  p a r t i c u l a t e  m a t t e r ,  vapors, gases, e tc .  Whi le  t y p i c a l l y  t h e  
a i r b o r n e  contaminant  p i ckup  i s  minor  [3], i t  may l o g i c a l l y  be assumed t o  be 
d i r e c t l y  r e l a t e d  t o  common a i r  p o l l u t i o n  i n d i c i e s  and t h u s  i s  i n t e n s i f i e d  
downwind o f  s tack  and v e h i c u l a r  emissions. 

A d d i t i o n a l  p o l l u t a n t s  a r e  d i s l o d g e d  and may be d i s s o l v e d  o r  suspended i n  t h e  
r u n o f f  as r a i n d r o p s  f a l l  on t h e  ground, s t r u c t u r e s ,  p l a n t s ,  chemical  
s t o c k p i  1es , and 1it t e r e d  surfaces. Thus, d e n s i t y  o f  development , s o i  1 t y p e s  , 
s l o p e s  and e r o d i b i l i t y ,  and b a s i c  neighborhood c l e a n l i n e s s  a r e  l o g i c a l  f u r t h e r  
i n d i c a t o r s  o f  p o t e n t i a l  p o l l u t i o n .  A d i m i n i s h i n g  source o f  a v a i l a b l e  source 
p o l l u t a n t s  due t o  washoff may account f o r  reduced p o l l u t i o n  l oads  from 
s e q u e n t i a l  storms o r  s e q u e n t i a l  p e r i o d s  w i t h i n  a s i n g l e  storm. 
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F i n a l l y , t h e  c o l  l e c t i o n  system it s e l  f (whether  open channel s o r  c l o s e d  
c o n d u i t s ,  separa te  o r  combined sewer systems) p r o v i d e s  for  a d d i t i o n a l  
contaminant  c o n t a c t  o p p o r t u n i t y  f rom which t h e  p o l l u t a n t  g a i n  may be 
p r o p o r t i o n a l  t o  p res to rm s o l i d s  d e p o s i t i o n  ( sou rce  m a t e r i a l )  and f l o w  
v e l o c i t i e s  and t u r b u l a n c e  ( resuspens ion  a b i l i t y ) .  I n  combined sewer systems, 
o b v i o u s l y  t h e  s a n i t a r y  and i n d u s t r i a l  wastewater i s  a ma jo r  f a c t o r .  I n  te rms  
o f  oxygen demanding substances, U n i v e r s i t y  o f  F l o r i d a  i n v e s t i g a t o r s  [4]  f ound  
" n a t i o n a l  average" CSO c o n c e n t r a t i o n s  t o  be approx ima te l y  f o u r  t imes  t h e  
equi  Val e n t  separate s tormwater  d i  scharges. S i m i  1a r l y  , b a c t e r i  a1 c o n t a m i n a t i o n  
f rom u n t r e a t e d  C S O  d i scha rges  i s  t y p i c a l l y  two o r d e r s  o f  magnitude h i g h e r  t h a n  
separa te  stormwater,  a l t hough  b o t h  a r e  f a r  above l i m i t s  cons ide red  s a f e  f o r  
body c o n t a c t  r e c r e a t i o n a l  use. 

R e p r e s e n t a t i v e  Concen t ra t i ons  

Urban s tormwater ,  whether conveyed i n  separa te  s a n i t a r y  and s torm sewer 
systems o r  combined sewer systems, e s s e n t i a l l y  has a l l  o f  t h e  p o l l u t a n t s  found 
i n  s a n i t a r y  wastewaters. The c o n c e n t r a t i o n  l e v e l s ,  however, va ry  markedly  
f rom l o c a t i o n  t o  l o c a t i o n ,  s torm t o  storm, and w i t h i n  a s i n g l e  storm. 
R e p r e s e n t a t i v e  mean va lues based on end-o f - the -p ipe  samples f rom separa te  
s to rm sewer and combined sewer systems a r e  shown i n  Tab les  1 and 2, 
r e s p e c t i v e l y .  The averages o f  t hese  mean va lues a r e  compared t o  
r e p r e s e n t a t i v e  uncontaminated background r e c e i v i n g  w a t e r  l e v e l s  and " t y p i c a l "  
raw s a n i t a r y  wastewater i n  Tab le  3. The reader  i s  c a u t i o n e d  t h a t  t hese  va lues  
r e p r e s e n t  no rma l i zed  va lues from a broad m ix  o f  o b s e r v a t i o n s  and t h a t  s i t e  
s p e c i f i c  m o n i t o r i n g  and sampl ing i s  e s s e n t i a l  f o r  d e t a i l e d  goal  s e t t i n g  and 
d e s i  gn. 

Tab le  1. AVERAGE POLLUTANT CONCENTRATIONS I N  STORMWATER RUNOFF [5] 
mg/L Unless Otherwise Noted 

K je ldah l  T o t a l  Ortho- Fecal 
C i t y  TSS VSS BOD COD n i t r o g e n  n i t r o g e n  Phosphorus phosphate Lead c o l i f o n s a  

At1anta, 287 _- 9 48 0.57 0.82 0.33 -- 0.15 6,300 
Georgia _­
Des Moines , 419 104 56 -- 2.09 3.19 0.56 0.15 --
Iowa 

-- 0.82 -- 0.46 230Durham, 1,223 122 -- 170 0.96 
Nor th Caro l i na  

Knoxv i l l e ,  440 -- 7 98 1.9 2.5 0.63 0.30 0.17 20,300 
Tennessee 

1.oo 0.24 40,000Okl ahma City , 147 -- 22 116 2.08 3.22 1.oo 
0k 1ahoma 

367 -- 12 86 0.85 -- -- 0.38 -- 420Tulsa, 
Oklahma 

-- 0.75 --
Santa Clara,  284 70 20 147 -- 5.8 0.23 
C a l i f o r n i a  

Pul lach,  158 53 11 125 -- -- _­
Germany 

Average ( n o t  415 a8 20 113 1.41 3.11 0.62 0.46 0.35 13,500 
weighted) 

Range 147-1,223 53-122 7-56 48-1 70 0.57-2.09 0.82-5.8 0.33-1.00 0.15-1.00 0.1 5-0.75 230-40.000 

a. Organisms/100 mL. 
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Table 2. AVERAGE POLLUTANT CONCENTRATIONS I N  
COMBINED SEWER OVERFLOWS [5] 
mg/L Unless O the rw ise  Noted 

U e l d a h l  Tota l  Fecal 
Locat ion TSS VSS BOO COO n i t r o g e n  n l t rogen  Po4-P OPO4-P Lead co l i formsa 

Des Moines,
I ow1 413 117 64 -- -- 4.3 1.86 1.31 -- --

Mi  lwaukee, 
 
6.3 1.23 0.86 
 -- --Y i  sconsin 321 109 59 264 4.9 

New Vork C i t y ,  
 
New Vork 
 

Newton Creek 306 182 222 481 -- _ _  _ _  -- 0.60 --
Spr ing Creek 347 _ _  111 358 -- 16.6 4.5b _- -- --

Poissy, 
 
FranceC 751 387 279 1,005 - - 43 17b 
 
Racine, 
 
U i  sconsin 551 154 158 _ _  - - _- 2.78 0.92 -- 201,000 
 

Rochester, 
 
New York 273 -- 65 _ _  2.6 _ _  -- 0.88 0.14 1 ,140,000 
 

Average 
(not  weighted) 370 140 115 367 3.8 9.1 1.95 1 .oo 0.37 670,000 

Range 273-551 109-182 59-222 264-481 2.6-4.9 4.3-16.6 1.23-2.78 0.86-1.31 0.14-0.60 201.000-1,140~000 

a. Organisas/100 ml. 

b. Tota l  P (no t  included i n  average). 

c. Not inc luded i n  average because o f  h igh  s t reng th  o f  munic ipa l  wastewater when compared t o  the Uni ted States. 

Tab le  3. COMPARISON OF STORMWATER DISCHARGES 
 
TO OTHER POLLUTANT SOURCES [5 ]  
 

mg/L Unless O the rw ise  Noted 
 

Kje ldah l  Tota l  Tota l  Feca 1 
TSS VSS BOO5 COD n i t r o g e n  n i t r o g e n  PO4-P OPO4-P Lead c o l i f o n m a  

Background 5-100 -- 0.5-3 20 -- 0.05-0.5b 0.01-0.2c 10.01 <0.1 t l  
  
l e v e l s  [6] 
  

S t o m a t e r  415 90 20 115 1.4 3.10 0.6 0.4 0.35 13,500 
 
r u n o f f  
  

Combined 370 140 115 367 3.8 9.10 1.9 1 .O 0.37 670,000 
 
sewer 
 
overf low 
  

Sani tary  200 150 200 500 40 40 10 0.05- 0.17 750,000 
 
wastewater 1.27 
 

a. Oqanisms/100 mL. 
b. NO3 as N. 
c. Tota l  phosphorus as P. 

Note: 	 Background l e v e l s  are the nonpoint  p o l l u t i o n  loads t h a t  can a r i s e  from land  t h a t  has 
no t  been d is turbed by man's a c t i v i t i e s .  

For Tables 1 -3 :  	 TSS - T o t a l  Suspended S o l i d s ;  V S S  - V o l a t i l e  Suspended S o l i d s ;  
BOD - B iochemical  Oxygen Demand: COD - Chemical Oxygen Demand 
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Concern over t o x i c i t y  a n d  t r a c e  substances i n  wastewater led U S E P A  t o  e s t a b l i s h  
a n  extensive l i s t  o f  p r i o r i t y  p o l l u t a n t s .  As a n  aid t o  f u t u r e  i n v e s t i g a t o r s ,  
laboratory r e s u l t s  from n a t i o n a l l y  co l lec ted  grab samples processed by U S E P A ' s  
Region I 1  laboratory are reported i n  Tables 4 a n d  5 ,  The d a t a  represent the  
l i q u i d  f r a c t i o n  a n d  sediment f r ac t ion  analyses,  respec t ive ly .  The 
c h a r a c t e r i s t i c a l l y  h i g h  copper, l ead ,  a n d  z i n c  values for  highway runoff a re  
apparent as well as a predominance o f  petroleum-derived hydrocarbons i n  a l l  
samples. 

I n  combined systems a n d  t o  a l e s s e r  extent i n  separa te  storm drains. 'many 
inves t iga to r s  report  a c h a r a c t e r i s t i c  pa t te rn  of high p o l l u t a n t  concentrations 
ea r ly  i n  t h e  period of storm runoff followed by diminishing concentrations as 
the storm progresses a n d  presumably as t h e  source o f  readi ly  suspendable 
material a n d  l i t t e r  i s  washed a w a y .  D a t a  t h a t  have been normalized t o  
accentuate t h i s  " f i r s t  f l u sh"  e f f e c t  are shown in  Figure 4 .  

Three f a c t o r s  appear t o  be o f  major s ign i f i cance  i n  the  degree t o  w h i c h  a f i r s t  
f l u sh  i s  observed: (1) t h e  q u a n t i t y  a n d  l o c a t i o n  o f  read i ly  suspended or 
resuspended ma te r i a l ;  ( 2 )  the  i n t e n s i t y  o f  the runoff (sinc-e suspension a n d  
resuspension are  a function o f  f l o w  v e l o c i t y ) ;  a n d  ( 3 )  the  s i z e  o f  a n d  time o f  
t r a v e l . i n  the  co l l ec t ion  system. I f  t h e  co l l ec t ion  system i s  l a r g e ,  a 
downstream observer w i l l  see a stormwater mixture o f  runoff components h a v i n g  
vas t ly  d i f f e r e n t  t rave l  t imes,  thus dampening a n d  extending concentration 
peaks. S imi l a r ly ,  the  dependency on h i g h  i n t e n s i t y  runoff may place the  f i r s t  
f l u sh  anywhere i n  t h e  storm according t o  t h e  r a i n f a l l  p a t t e r n ,  providing a 
s i m i l a r  scouring opportunity has n o t  ye t  occurred. 

Impacts o f  Urban i z a t i o n  

The tendency o f  urban development t o  i n t ens i fy  stormwater po l lu t ion  was 
introduced e a r l i e r .  The f o l l o w i n g  example i l l u s t r a t e s  probable impacts on a 
macrosca 1 e .  

Under a con t r ac t  f o r  t h e  Association of Bay Area Governments C81, s impl i f ied  
mathematical model techniques coupled with a l o c a l  monitoring program were used 
t o  address regional stormwater po l lu t ion  over the  nine c o u n t y  1 3 , 0 0 0  km2 ( 5 , 0 0 0  
mi2)  a rea .  Comparisons of  a n n u a l  p o l l u t a n t  loadings t o  S a n  Francisco Bay under 
pre- a n d  post-development conditions are shown i n  Table 6 .  Predevelopment
loadings were simulated by s e t t i n g  runoff a n d  po l lu t ion  un i t  parameters t o  
monitored present open-space values. (For example, in 1981. 87% o f  the  t o t a l  
l a n d  area remained i n  a n o m i n a l l y  undeveloped-open-space c o n d i t i o n . )  
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T a b l e  4 (Concluded) 

Combined wastewater Stormwater runoff 

Parameter) Site/sample key+ A B C 

Phenols 
 
Phenol 
 18.0 -- 0.32 0.70 0.30 0.70 0.34 0.85 _ _  0.40 1.90 --
Pen tach1 or0phenol
 -- -- _ _  0.90 0.90 0.90 -- _ _  _- _ _  _- _ _  _ _  
Phenolics 
 -_  	 _ _  _ _  -- -- -_ -- -- -- _ _  _- -- --
2,4-0imethyl phenol 
 -- _ _  _- _- 0.50 0.70 -- -- _ _  -- _ _  -- --
2,4,6-Trichlorophenol 
 -- _- -- _ _  0.30 -- _ _  -- _ _  -- _- -- --
Ni t roso compounds 
 
N-Nitrosodiphenylamine 
 _- -- _ _  _- _- 0.80 _- --
Pes t ic ides  
 
4,4'-DOE 
 -- _ _  _- _- -- _ _  -- --
Metals 
 
Antimony
 <60.0 120.0 <20.0 ~ 4 0 . 0  120.0 <20.0 QO.0 <20.0 120.0 c20.0 120.0 4 0 . 0  120. 0 
Arsenic 
 -0.60 1 1  .o -3.0 10.20 -5.0 -4.0 4 . 0  12.0 15.0 -3.0 -1. 0 4 . 0  10.4 
Beryllium
 14.0 <1 .o  <1.0 <3.0 <2.0 12.0 11.0 C1.0 11.0 <1.0 ~ 3 . 0  14.0 11 .o 
Cadmi um 
 ~ 3 . 0  <3.0 -2.0 <2.0 <4.0 s 7 . 0  -7.0 -5.0 ~ 5 . 0  -3.0 9 .8  ~ 3 . 0  13.0 
Chromi um 
 <10.0 17.0 -10.0 <7.0 19.0 <9.0 -20.0 -10.0 s20.0 36.0 43.0 <10.0 ~ 7 . 0  
Copper
 110.0 <2.0 40.0 14.0 -40.0 <40.0 24.0 11.0 47.0 49.0 280.0 -20.0 Q.0 
Lead 
 %100.0 130.0 -30.0 <30.9 %lOO.O 107.0 113 360.1) 310.0 -80.0 400.0 2600.0 -70.0 ~ 3 0 . 0  
Mercury 10.2 <0.2 0.25 <0.20 10.2 0.45 0.30 10.20 0.56 10.2 10.2 <o. 20 0.67 0.30 
Nickel -20.0 19.0 <9.0 19.0 <9.0 ~ 4 0 . 0  <40.0 <9.0 z9.0 130.0 c30.0 -40.0 110.0 <9.0 
Selenium <O. 70 <0.8 <10.0 s l . 0  s 1 . 0  <3.0 C3.0 <10.0 110.0 ~ 4 . 0  14.0 4 . 8 0  ~ 0 . 8 0  10. 8 
Si 1ver C10.0 <3.0 13.0 13.0 t6 .0  <8.0 18.0 <3.0 -5.0 ~ 7 . 0  17.0 C 2 . 0  <10.0 13.0 
Thall ium 10.40 <0.4 ~ 1 0 . 0  10.40 <0.2 ~ 2 . 0  ~ 2 . 0  110.0 110.0 <4.0 14.0 <0.40 <O. 40 10. 40 
Zinc 210.0 20.0 -100.0 -10.0 65.0 140.0 s90.0 330.0 -90.0 170.0 260.0 780.0 120.0 23.0 

Notes: 
1.  	 A - Boston, Massachusetts; B - Clatskanie ,  Oregon; C - Rochester, New York; 0 - St .  Helens, Oregon; E - Austin, Texas; F1,  F2 - San Jose,  Cal i forn ia  

(Coyote Creek): G I ,  G 2  - Orlando, Florida,(Lake Eola); H i ,  H2 - Trenton, New Jersey (Lawrence Shopping Center) ;  I - Milwaukee, Wisconsin ( I n t e r s t a t e  
94);  J - New Roxbury, Massachusetts; K - Rochester, New York; L - S t .  Helens, Oregon. 

2 .  Samples were predominantly grab samples, co l lec ted  by d i f f e r e n t  observers i n  1979-80, and processed on a time ava i lab le  bas i s ,  a t  the USEPA, 
Region 	 I1 Survei l lance and Analysis Division Laboratory, i n  Edison, New Jersey ,  under the supervis ion of the USEPA Project  Off icer .  Richard 
Field,  Chief, Storm and Combined Sewer Sect ion,  Municipal Environmental Research Laboratory - Cincinnati i n  Edison. New Jersey [7]. 



-- 
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Table 5. PRIORITY POLLUTANT MEASURED IN URBAN STORMWATER SYSTEMS - SEDIMENT FRACTION 
Concentrations in ug/kg (except as noted) 

Combined sewers S t o n  dra ins o r  o u t l e t s  

Parameter+ Site/sample key-, A B C 0 E l  E2 F G H 

Aromatics 
 
Benzene 
 -- -- 2.0 -- -- 2,000.0 --
Chlorobenzene 
 -- -- -- -- 0.60 -- --
1,3-0ichlorobenzene 
 I -- 310.0 -- 560.0 73.0 --
1,4-Dichlorobenzene 
 -- 310.0 -- 560.0 73.0 -- --
Ethylbenzene 
 17.0 20.0 -- 8.60 1.10 1,100.0 12.0 
To1 uene 
 5,900.0 910.0 42.0 32,000.0 94.0 1,300.0 100.0 
1.2-Dichlorobenzene 
 2,300.0 -- -- _- -- 150.0 -_ 

Polynuclear aromatic 
 
hydrocarbons 
 

12-Benzanthracene 
 110,000.0 1.100.0 4,100.0 1,600.0 19,000.0 16,000.0 2,400.0 
3.4-Benzofl uoranthene 
 56,000.0 530.0 2,300.0 870.0 13,000.0 12,000.0 1.200.0 
11.12-Benzofluoranthene 
 56,000.0 530.0 2,300.0 870.0 13,000.0 12,000.0 1,200.0 
Benzo(a) pyrene 
 75,000.0 %2,800.0 25,000.0 4,500.0 20,000.0 12,000.0 1,200.0 
Ideno( 1.2.3-cdlpyrene 
 40,000.0 740.0 3,900.0 4,600.0 260.0 
1,lZ-Benzoperylene 
 26,000.0 810.0 5.800.0 4,200.0 560.0 
Acenaphthene 
 11,000.0 270.0 440.0 2,400.0 110.0 
Acenaphthylene 
 -_ 1.100.0 -- --
Anthracene 
 140,0M), 0 10,000.0 20,000.0 1,100.0 
Chrysene 
 110,000.0 19,000.0 16,000.0 2,400.0 
Fluoranthene 
 110,000.0 15,000.0 18.000.0 2,000.0 
F1uorene 
 11.000.0 1,100.0 2,200.0 87.0 
Naphtha1ene 
 4,900.0 170.0 900.0 47.0 
Phenanthrene 
 140,000.0 10,000.0 20,000.0 1,100.0 
Pyrene 
 81.000.0 13,000.0 13,000.0 1.600.0 
1,2: 5.6-Di benzanthracene 
 -- --
Halogenated hydrocarbons 
 
Te t r a c h l  oroethy1ene 
 -- -_ 
Methyl ch lo r i de  
 -- 0.20 
Methylene ch lo r i de  
 -- 1.70 
Chloroform 
 16.0 
Hexachloroethane 
 -- 5,600.0 
1.2-Di chloropropane 
 -- --
Dichlorobromomethane 
 -- --
T r i c h l o r o f l  uoromethane 
 -- _-
1J-Trans-di chl oroethylene 
  -- --
1.1 ,I-Trichloroethane 
  -- -_ 
Tr i ch lo roe thy l  ene 
 -- --

Phthalates 
  

Oiethy l  phthal a te 
  -- -- -- -_  
Di-n-butyl phthalate 
  2,000.0 160.0 840.0 860.0 z.50n.o 
B i  s(2-ethyl hexyl ) phthal a te 
 7,700.0 1,100.0 3,800.0 360.0 40.000.0 1,800.0 59,000.01,200.0 
Buty l  benzyl phthal a te 2,300.0 450.0 320.0 -_  -_  --
Oi-n-octyl phthalate _- -- -- -- -- - - --



T a b l e  5 (Concluded) 

Combined sewers Storm d r a i n s  or o u t l e t s  

Parameter+ S i  te/sample key+ A B C D E l  E7 F G H 

Phenols 
 

Phenol 
 -- -60.0 _ _  _ _  32.0 _ _  
Pentachl  orophenol  
 -- _ _  _ - -- -_  _ _  
Phenol ics 
 _ _  _ _  _ _  -_  _ _  --
2,4-Dimethyl phenol 
 _ _  -- _ _  -_ _ _  _-
2,4 ,6-Tr ich lo ropheno l  
 _- -- -- _ _  -_ --
N i  t r o s o  compounds 

N-Ni t r o s o d i  phenyl  ami ne -- -_  _ _  -- _ _  --
Pes t i c ides  

4,4'-DOE -_ -_  -- _ _  180.0 _ _  
Meta ls ,  mg/kg 

Antimony 12.0 
 13.0 3.30 G.0 12.0 6 . 0  16.0 <3.0 
Arsen ic  1.70 
 2.80 4.80 3.50 3.30 2.90 2.30 2.80 
B e r y l l i u m  c l . 0  
 c0.20 aO.10 <0.2 1.0.10 SO. 30 co.20 <0.20 
Cadrniurn 2.2.0 
 2.30 10.06 2.80 0.50 5.5 1.0.80 -1.0 
Ch rorni um 32.0 
 26.0 28.0 25.0 42.0 110.0 14.0 8.10 
Copper 920.0 
 200.0 140.0 ,000.0 83.0 ,000.0 17.0 7.0 
Lead 560.0 
 160.0 370.0 360.0 410.0 37.0 1,300.0 24.0 
Mercury  0.63 , 
 0.78 2.10 0.74 0.32 13 .0  0.26 2.39 
N i c k e l  18.0 
 13.0 15.0 23.0 19.0 67.0 5.90 ~ 3 . 0  
Selenium <o. 02 
 0.20 0.06 0.12 0.27 <0.02 2.80 1 .40  
S i l v e r  <0.40 
 <0.50 2.10 8.90 6.10 -1.0 ~ 0 . 5 0  <O.5 
Thal 1ium 4 . 0 1  
 10.20 c0.20 C0.20 <o.20 c0.20 <0.20 <o. 20 
Z inc  700.0 
 910.0 380.0 710.0 120.0 300.0 160.0 37.0 

Notes: 

1. 	 A - Boston, Massachusetts; B - Cla tskan ie ,  Oregon; C - Rochester,  New York; D - S t .  Helens, Oregon; �1. E2 - Syracuse, New 
York; F - Aus t in ,  Texas; G - San Jose, C a l i f o r n i a  (Coyote Creek);  H - Trenton, New Jersey  (Lawrence Shopping Center ) .  

2. 	 Samples were predominant ly  g rab  samples, c o l l e c t e d  by d i f f e r e n t  observers  i n  1979-80, and processed on a t ime  a v a i l a b l e  
bas is ,  a t  t h e  USEPA, Region I1 S u r v e i l l a n c e  and Ana lys i s  D i v i s i o n  Labora to ry ,  i n  Edison, New Jersey, under the  s u p e r v i s i o n  
o f  t he  USEPA P r o j e c t  O f f i c e r ,  R ichard  F i e l d ,  Ch ie f ,  Storm and Combined Sewer Sec t i on ,  Mun ic ipa l  Environmental  Research 
Labora to ry  - C i n c i n n a t i  i n  Edison, New Jersey [7]. 
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T a b l e  6. SURFACE RUNOFF LOADINGS TO BAY, 
PRE- AND POST-DEVELOPMENT [ 8 ]  

Average annual 
l o a d i n g ,  1000s lba 

Parameter  1800 1975 I n c r e a s e  
1 ­

Total  B O D  3,190 18,590 5 .8 : l  
Total  SS . 790,091 765,982 0 .97 : l  
To ta l  n i t rogen  1 ,193  3,677 3 .1 : l  
Total  pi10s  phorus 89 428 4 . 8 : l  

a .  		 Based on 1969-1970 and 1970-1971, wa te r  
y e a r  r a i n f a l l  d a t a .  

lb x 0.4536 = k g  

The f o l  1owi ng o b s e r v a t  ions were made : 

It can be seen t h a t  o r g a n i c  l o a d i n g s  have p r o b a b l y  i n c r e a s e d  about  6­
f o l d  and n u t r i e n t s  abou t  4- t o  5 - f o l d  w h i l e  t o t a l  s o l i d s  have 
remained r e l a t i v e l y  unchanged. Thus i t  appears t h a t  t h e  Bay, as i n  
most s h a l l o w  embankments, has always been t u r b i d  and no a c t i o n s  by  
man w i l l  l i k e l y  r e v e r s e  t h i s  c o n d i t i o n .  W i t h  r e s p e c t  t o  d i s s o l v e d  
oxygen, t h e  combined a c t i o n s  o f  Bay f i l l i n g  and i n c r e a s e d  o r g a n i c s  
d i s c h a r g e d  have, no doubt ,  worsened c o n d i t i o n s  i n  backwa te rs  and 
a reas  o f  p o o r  c i r c u l a t i o n .  Wh i le  n u t r i e n t  l o a d i n g s  have grown 
s u b s t a n t i a l l y ,  t h e i r  impac t  when compared t o  p o i n t  d i s c h a r g e d  remains 
s m a l l .  [ 8 ]  

I n  te rms  o f  BOD l o a d i n g s ,  i t  was f u r t h e r  observed t h a t  w h i l e  t h e  n i n e  c o u n t y  
average change was an i n c r e a s e  o f  5.8:1, t h e  range between c o u n t i e s  was 
g r e a t - - v a r y i n g  f r o m  1 2 4 : l  f o r  t h e  f u l l y  deve loped and combined sewered San 
F r a n c i s c o  t o  1 . 7 : l  f o r  t h e  p r e d o m i n a n t l y  r u r a l  and a g r i c u l t u r a l  Sonoma County. 

R e c e i v i n g  Water Assessments 

The approach t o  r e c e i v i n g  w a t e r  p r o t e c t i o n  and r e s t o r a t i o n  i n  t h e  U n i t e d  
S t a t e s  o v e r  t h e  p a s t  decade has e n t a i l e d  t h r e e  p r i n c i p a l  a c t i v i t i e s :  (1) a 
d e f i n i t i o n  o f  b e n e f i c i a l  uses and e v a l u a t i o n  o f  t h e  r e c e i v i n g  w a t e r s  

- a s s i m i l a t i v e  c a p a c i t y  w i t h  r e s p e c t  t o  p r e s e r v i n g  o r  r e s t o r i n g  t h e s e  uses; 
( 2 )  a s y s t e m i z e d  waste  l o a d  a l l o c a t i o n  between compe t ing  p o i n t  and n o n p o i n t  
d i s c h a r g e s  w i t h i n  t h e  l i m i t s  o f  t h i s  c a l c u l a t e d  a s s i m i l a t i v e  c a p a c i t y ;  and 
( 3 )  a n a t i o n a l  p e r m i t t i n g  program f o r  d i s c h a r g e r s  t o  p r o v i d e  a v e h i c l e  f o r  
en fo rcemen t  and comp l iance  m o n i t o r i n g .  The p r o c e s s  was s i m p l i f i e d  by a d o p t i o n  
o f  t h e  1972 C lean  Water A c t  w h i c h  s e t  an e f f l u e n t - b a s e d  s t a n d a r d  o f  secondary  
t r e a t m e n t  f o r  a l l  p u b l i c l y  owned t r e a t m e n t  works. I n  t h e  case o f  s e p a r a t e  
s t o r m w a t e r  and CSO t r e a t m e n t  f a c i l i t i e s ,  l a t i t u d e  was p r o v i d e d  t o  p e r m i t  a 
case-by-case approach a t  t h e  d i s c r e t i o n  o f  USEPA Reg iona l  A d m i n i s t r a t o r s .  
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Field a n d  Turkeltaub C91 i n  a n  overview of  receiving water impacts of 
stormwater a n d  CSO discharges conclude t h a t  "under c e r t a i n  conditions storm 
runoff can govern the q u a l i t y  of receiving waters regardless of  the level o f  
dry-weather f l o w  treatment provided." Examples c i ted  include Milwaukee, 
Wisconsin; Syracuse, New York: S e a t t l e ,  W a s h i n g t o n :  Orlando, F l o r i d a :  S a n  Jose,  
Cal i forn ia :  a n d  New York C i t y ,  New York. P r i n c i p a l  p o l l u t a n t s  a n d  impacts
include bacter ia l  c o n t a m i n a t i o n ,  t o x i c  substances, sediment loads,  a n d  oxygen
demand a n d  deplet ion.  

Heaney, e t  a l .  El01 summarized d a t a  from 248 urbanized areas i n  a n  attempt t o  
q u a n t i f y  receiving water impacts from urban stormwater. The present d a t a  base 
was f o u n d  t o  be poor: numerous def in i t ions  o f  "problems" a re  being used: a n d  
" . . . r e l a t i v e l y  l i t t l e  substant ive d a t a  t o  document impacts have been 
c o l l e c t e d . "  Impacts  f o u n d  were most noticeable i n  small streams, b u t  impacts 
were d i f f i c u l t  t o  i s o l a t e  from other sources such as m u n i c i p a l  a n d  industr  a 1  
wastes. Accidental or de l ibera te  discharges from p o i n t  sources under wet-
weather conditions were sometimes t h e  primary cause o f  wet-weather impacts 

U R B A N  STORMWATER C O N T R O L  

C o n t r o l  o f  urban stormwater has been practiced f o r  a number o f  cen tur ies .  The 
c l o a c a  max ima ,  a storm drain constructed f o r  the  ancient Roman Forum, i s  s t i l l  
i n  use t o d a y .  T h e  primary g o a l  o f  u r b a n  stormwater control has been t o  reduce 
the incidence a n d  sever i ty  of f l o o d i n g .  I n  a d d i t i o n  t o  d i r e c t  conveyance 
f a c i l i t i e s ,  the a p p r o a c h  t o  f l o o d  control has often been t o  a t tenuate .  or slow, 
the f l o w  of  runoff so  t h a t  the peak ra te  o f  f l o w  i s  reduced a n d  the  urban 
runoff hydrograph i s  made t o  more closely approximate the predevelopment 
hydrograph. The urban hydrograph from Figure 3 i s  reproduced i n  Figure 5 ,  
a l o n g  w i t h  a s torage f a c i l i t y  attenuated hydrograph f o r  the same watershed a n d  
s torm. 

F l o w  a t tenuat ion may be accomplished by increasing the permeability o f  the 
s ides  a n d  bo t tom o f  unlined channels a n d  basins,  increasing the roughness o f  
the f l o w  sur faces ,  or by constructing storage f a c i l i t i e s  i n  which the runoff of 
CSO i s  temporarily stored a n d  released slowly. Where earthen s torage 
f a c i l i t i e s  take advantage of the permeability of  the s ides  a n d  b o t t o m ,  the 
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r u n o f f  volumes a r e  reduced. The des ign o f  s to rage f a c i l i t i e s  where s o i l  
p e r m e a b i l i t y  i s  a ma jor  f a c t o r  i s  descr ibed i n  S e c t i o n  5. The des ign o f  
d e t e n t i o n  s to rage f a c i l  i t i e s  i s  descr ibed i n  S e c t i o n  6. Sedimentat ion 
f a c i l i t y  des ign i s  d iscussed i n  S e c t i o n  7. 
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F i g u r e  5. Hydrograph o f  a watershed showing 
e f f e c t s  o f  storage. 

Water q u a l i t y  b e n e f i t s  may be r e a l i z e d  from s torage o p t i o n s  i n  many ways, 
p r in c i  p a l  1y : 

0 	 Increased e f f e c t i v e n e s s  o f  e x i s t i n g  t rea tment  f a c i l  i t i e s  th rough f low 
equal iz a t i o n  

a 	 Increased i n t e r c e p t i o n  o f  po l  1 u t a n t - l a d e n  r u n o f f  f l o w s  w i t h  
subsequent d i v e r s i o n  t o  t rea tment  

e Reduced e r o s i o n  and scour by f l o w r a t e  c o n t r o l  

e 	 Groundwater recharge th rough increased i n f i l  t r a t i o n / p e r c o l  a t i o n  
o p p o r t u n i t y  

e Treatment by sed imenta t ion  d u r i n g  s to rage 
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0 	 Treatment by b i o l o g i c a l  s t a b i l i z a t i o n  i n  cases o f  extended, severa l  
days t o  severa l  weeks, s to rage 

0 	 Reduced wastewater c o l  1e c t i o n / t  reatment system over1 oads and bypasses 
when u t i l i z e d , i n  an i n t e g r a t e d  manner 

Storage a p p l i c a t i o n  should be approached i n  a systemized manner, such as 
th rough t h e  c l a s s i f i c a t i o n  system recommended i n  Sec t ion  3. V i r t u a l l y  every  
urban stormwater c o n t r o l  w i l l  use s to rage t o  some degree; however s to rage by 
i t s e l f  may n o t  o f f e r  t h e  most c o s t - e f f e c t i v e  s o l u t i o n .  

Opt imal supplemental c o n t r o l  s t o  s to rage in c l  ude bes t  management p r a c t i  ces, 
h i g h - r a t e  u n i t  processes, and i n n o v a t i v e  systems approaches t h a t  o p t i m i z e  
t r e a t m e n t  and c o n t r o l s  on a t o t a l  systems basis .  Ex tens ive  d i s c u s s i o n  o f  
these o p t i o n s  as a p p l i e d  t o  separate urban stormwater and CSO systems i s  
a v a i l a b l e  i n  t h e  l i t e r a t u r e  [5, 11, 121. 

Best management p r a c t i c e s  (nons t  r u c t u r a l  and 1ow s t r u c t u r a l  l y  in t e n s i  ve 
a l t e r n a t i v e s )  o f f e r  cons iderab le  promise as t h e  f i r s t  l i n e  o f  a c t i o n  t o  
c o n t r o l  urban r u n o f f  p o l l u t i o n .  By t r e a t i n g  t h e  problem a t  i t s  source, o r  
t h r o u g h  a p p r o p r i a t e  l e g i s l a t i o n  c u r t a i l i n g  i t s  o p p o r t u n i t y  t o  develop, 
m u l t i p l e  b e n e f i t s  can be der ived.  These i n c l u d e  lower  c o s t ,  e a r l i e r  r e s u l t s ,  
e r o s i o n / f l o o d  c o n t r o l  b e n e f i t s ,  and an improved and c l e a n e r  neighborhood 
env i  ronment. 

P h y s i c a l  t r e a t m e n t  a1t e r n a t i  ves a r e  p r i m a r i l y  appl ied f o r  s o l  i d s  removal f r o m  
waste streams, and a r e  o f  p a r t i c u l a r  importance t o  CSO t rea tment  f o r  removal 
o f  s e t t l  eabl  e and suspended sol i d s  and f l oa tab l  e m a t e r i  a1 . Phys ica l  t r e a t m e n t  
systems have a demonstrated c a p a b i l i t y  t o  handle h i g h  and v a r i a b l e  i n f l u e n t  
c o n c e n t r a t i o n s  and f l owrates and opera te  independent ly  o f  o t h e r  t r e a t m e n t  
f a c i l i t i e s ,  w i t h  t h e  e x c e p t i o n  o f  t r e a t m e n t  and d isposa l  o f  t h e  s l u d g e / s o l i d s  
r e s i d u a l s .  The p r i n c i p a l  d isadvantage r e l a t e s  t o  those p e r i o d s  o f  t i m e  when 
equipment s i t s  i d l e  d u r i n g  p e r i o d s  o f  dry weather. When implemented on a 
dual -use b a s i s  as e i t h e r  p re t rea tment  o r  e f f l u e n t  p o l i s h i n g  o f  convent iona l  
t r e a t m e n t  p l a n t  f lows,  reduced c a p i t a l  investments may be r e a l i z e d .  

The s i z e  and complex i ty  o f  urban r u n o f f  management programs a r e  such t h a t  
t h e r e  i s  a need f o r  an i n t e g r a t e d  approach t o  t h e i r  s o l u t i o n .  The s o l u t i o n  i s  
most o f t e n  a combinat ion o f  v a r i o u s  b e s t  management p r a c t i c e s  and u n i t  process 
a p p l i c a t i o n s .  Demonstrated imp lementa t ion  progress t o  da te  i s  p redominate ly  
i n  t h e  areas o f  CSO c o n t r o l  , excess f l o w  t r e a t m e n t  f rom h e a v i l y  i n f i l t r a t e d  
s a n i t a r y  systems, and bes t  management p r a c t i c e s  a p p l i c a t i o n s  i n  new 
communit ies. 
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S e c t i o n  3 

TERMINOLOGY AND CLASSIFICATION 
OF STORAGE A N D / O R  SEDIMENTATION FACILITIES 

The t e r m  " S t o r a g e  a n d l o r  S e d i m e n t a t i o n  F a c i l i t y "  i s  used h e r e  as a c o l l e c t i v e  
t e r m  f o r  v a r i o u s  ar rangements  f o r  b a l a n c i n g .  d e t a i n i n g ,  and s t o r i n g  t h e  f lbw of  
s tomwater  ( w i t h  o r  w i t h o u t  any s e d i m e n t a t i o n )  i n  combined sewer sys tems o r  t h e  
s t o r m  d r a i n a g e  p o r t i o n  o f  s e p a r a t e  sewer sys tems.  

For  ease o f  r e f e r e n c e  and c o n s i s t e n c y ,  c e r t a i n  t e r m i n o l o g y  and c l a s s i f i c a t i o n s  
o f  c o n t r o l  systems have been adopted f o r  use h e r e i n .  The b a s i c  c a t e g o r i e s  f o r  
c l a s s i f i c a t i o n  o f  s t o r a g e  a n d / o r  s e d i m e n t a t i o n  f a c i l i t i e s  a r e :  

1. The main  f u n c t i o n  p r i n c i p l e s  t h a t  a r e  a p p l i c a b l e  t o  b o t h  s e p a r a t e  
s a n i t a r y  sewer and s t o m d r a i n a g e  systems and t o  combined sewer 
s y s  terns : 

R e t e n t i  on 

D e t e n t i o n  

S e d i m e n t a t i o n  

2.  The g e n e r a l  p lacemen t  o f  t h e  s t o r a g e  a n d / o r  s e d i m e n t a t i o n  f a c i l i t y  
o r  p r a c t i c e  w i t h i n  t h e  c o l 1 , e c t i o n  n e t w o r k :  

Source c o n t r o l s  ( i n c l u d i n g  o n s i t e  and ups t ream f a c i l i t i e s )  

I n - s y s t e m  c o n t r o l s  ( s t o r a g e  deve loped  w i t h i n  t h e  t r a n s p o r t  
n e t w o r k  by  r e g u l a t o r s .  f l o w  r e s t r i c t o r s ,  e t c . :  and s t o r a g e  
deve loped i n  o f f l i n e  b a s i n s  l o c a t e d  a l o n g  t h e  t r a n s p o r t  
n e t w o r k )  

Downstream ( e n d - o f - p i p e )  c o n t r o l s  

3. The t e c h n i c a l  c o n f i g u r a t i o n  o f  t h e  v a r i o u s  f a c i l i t i e s  based on 
l o c a t i o n ,  t opog raphy ,  and l o c a l  c o n d i t i o n s .  

TERMINOLOGY 

V a r i o u s  s t o r a g e  a n d l o r  s e d i m e n t a t i o n  systems have been d e s c r i b e d  i n  t h e  
t e c h n i c a l  l i t e r a t u r e  i n  t h i s  f i e l d .  To a v o i d  any unnecessa ry  c o n f u s i o n  o r  



misunderstandings, the  terms most comonly  used i n  t h i s  manual are de f ined  as 
f01 1 ows : 

Combined Sewer--A sewer designed t o  receive both stormwater r u n o f f  and 
munic ipal  sewage ( san i ta ry  and i n d u s t r i a l  wastewater) . 
Combined Sewer Overflow--The untreated discharge o f  a combined sewer system 
t h a t  genera l ly  occurs when the  dry-weather f low t reatment  o r  i n t e r c e p t o r  
capac it y  is exceeded. 

Combined Sewer System--A system wherein storm drainage i s  comningled and 
conveyed w i t h  municipal sewage. 

Detent ion  Storage--The form o f  storage where stormwater r u n o f f  o r  CSO a re  
s tored temporar i ly .  Stored f lows are subsequently re turned t o  the  sewerage 
system a t  a reduced r a t e  o f  f l ow  when downstream capac i ty  i s  a v a i l a b l e ,  o r  the 
f lows are  discharged t o  the  r e c e i v i n g  water w i t h  o r  w i thou t  f u r t h e r  treatment. 

Downstream Control Options--Onl ine o r  o f f l  i n e  storage and/or sedimentat ion 
f a c i l i t y  located imnediate ly  upstream o f  the  r e c e i v i n g  water o r  f i n a l  
t reatment  f a c i l  it y .  

Downstream Storage--A storage f a c i l i t y  designed t o  serve as a pr imary 
sedimentat ion t reatment  device and/or as a f low e q u a l i z a t i o n  device 
imned ia te ly  upstream o f  a t reatment  works o r  rece iv ing  water. 

Dry Ponds--Ponds which are normal ly  d ry  and f i l l  i n  response t o  storm 
cond i t ions .  The usable storage vo l  ume may i n c l  ude, where measureabl e, pore 
space i n  the  basin w a l l s  and f l o o r  which are inundated r a p i d l y  i n  the  f i l l i n g  
process. 

In1  e t  Control  --Detent ion storage where stormwater i s  t empora r i l y  s to red  on 
impervious surfaces before i t  enters  the sewer system. 

In1 i n e  Storage--In-system con t ro l  storage f a c i l  it i e s ,  e i t h e r  i n  se r ies  o r  
p a r a l l e l  w i t h  the  c o l l e c t i o n  system, which are f i l l e d  and emptied on ly  by 
g r a v i t y  . 
In-System Control  s--Options wherein basins , tunnel s, o r  caves i n  the  
c o l l  e c t i o n  network o r  temporary excess p ipe  capac i ty  i n  t h e  c o l l  e c t i o n  network 
are used f o r  storage through the  use o f  regu la to r  devices ( i n c l u d i n g  both  
s t a t i c  and mechanical regu la to rs )  and pumping f a c i l  it i e s .  

Of f1  i n e  Storage--In-system con t ro l  storage f a c i l  it i e s  where pumping is 
requ i red  t o  convey f l ow  t o  the  storage f a c i l i t y  o r  t o  r e t u r n  the  s tored water 
t o  the  sewer system. An advantage t o  o f f l  i n e  storage i s  the  eas ie r  
f l e x i b i l i t y  t o  se lec t  when the  stored f l ow  i s  t o  be re turned t o  the  sewer f o r  
t rea tment  o r  discharge. 

Onsi t e  storage--storage o f  stormwater i n  na tura l  d i tches,  open ponds o r  
bas ins ,  roof tops,  park ing 1 o ts ,  o r  recreat iona l  f a c i l  it i e s  ( a t h l e t i c  f i e l d s ,  
t enn is  cour ts ,  etc.  ) before the stormwater reaches a sewer network. 



R e t e n t i o n  Storage--Storage where stormwater r u n o f f  i s  cap tu red  and d isposed o f  
th rough  i n f i l t r a t i o n ,  p e r c o l a t i o n ,  and evapora t ion .  An emergency o v e r f l o w  
s t r u c t u r e  must be i n c l u d e d  t o  p reven t  s t r u c t u r a l  damage t o  t h e  f a c i l i t y  by 
occas iona l  o v e r f  1ows. 

S a n i t a r y  Sewer--A sewer t h a t  c a r r i e s  l i q u i d  and w a t e r - c a r r i e d  wastes f rom 
residences; commercial b u i l d i n g s ,  i n d u s t r i a l  p l a n t s ,  and i n s t i t u t i o n s ,  
t o g e t h e r  w i t h  r e l a t i v e l y  low q u a n t i t i e s  o f  groundwater,  stormwater,  and 
su r f ace  waters  t h a t  a re  no t  adm i t t ed  i n t e n t i o n a l l y .  

Separate Sewer System--A system where in  s tormwater  r u n o f f  i s  conveyed 
independent o f  s a n i t a r y  and i n d u s t r i a l  wastewater.  I n  r e a l i t y ,  most sepa ra te  
s tormwater  systems c o n t a i n  a t  l e a s t  a few c ross -connec t ions  f o r  re1 i e f  o f  
over1 oaded s a n i t a r y  sewers. 

Source Con t ro l  O p t i o n s - - F a c i l i t i e s  and p r a c t i c e s ,  which i n i t i a t e  c o r r e c t i v e  
a c t i o n  c l o s e  t o  t h e  o r i g i n  o f  t h e  stormwater r u n o f f ,  t o  m i t i g a t e  s tormwater  o r  
CSO adverse impacts.  

Storm Sewer--A sewer t h a t  c a r r i e s  s tormwater  r u n o f f ,  s t r e e t  wash and o t h e r  
washwaters, o r  dra inage,  bu t  e x c l  udes domest ic sewage and indus t  r ia1 wastes. 

Stormwater Runoff--Water r e s u l t i n g  f rom p r e c i p i t a t i o n  which runs o f f  f r e e l y  
f rom t h e  sur face ,  o r  i s  cap tu red  by s torm sewer, combined sewer, o r  t o  a 
l i m i t e d  degree s a n i t a r y  sewer f a c i i  i t i e s .  

Wet Ponds--Ponds which a re  no rma l l y  p a r t l y  f i l l e d  and i n  which s to rage  i s  
a t t a i n e d  by a change i n  water  su r f ace  e l e v a t i o n .  

CLASSIFICATION 

The c l a s s i f i c a t i o n  o r  sys tem iza t i on  o f  s to rage  and/or  t r ea tmen t  f a c i  1  i t i e s  can 
be based on t h e  t e c h n i c a l  c o n f i g u r a t i o n  (i.e., area a v a i l  ab le ,  topography, 
ad jacen t  l a n d  use, l o c a l  c o n d i t i o n s ,  e tc .  ) ; 1  o c a t i o n  w i t h i n  t h e  sewerage 
network ( i  .e., p r i o r  t o  f l o w  e n t e r i n g  a p i p e  network,  w i t h i n  t h e  p i p e  network,  
o r  j u s t  upstream o f  a  t rea tment  p l a n t  o r  t h e  r e c e i v i n g  wa te r ) ;  o r  f u n c t i o n  
(i.e., r e t e n t i o n ,  de ten t i on ,  o r  sed imenta t ion ) .  

The c l a s s i f i c a t i o n  scheme and bas i c  t e rm ino logy  used i n  t h i s  manual and shown 
i n  F i g u r e  6 a re  based on l o c a t i o n  w i t h i n  t h e  sewer network.  However, t h e  
r e l a t i o n s h i p  o f  t h e  c l a s s i f i c a t i o n  and appl  i c a t i o n  o f  t h e  va r i ous  c o n t r o l  
o p t i o n s  t o  separate  storm sewer and combined sewer systems i s  shown i n  
F i g u r e  7. I n  c u r r e n t  p r a c t i c e ,  source c o n t r o l  r e t e n t i o n  and d e t e n t i o n  s t o rage  
a p p l i e s  t o  separa te  s torm sewer systems and t o  combined sewer systems upst ream 
o f  t h e  i n t r o d u c t i o n  o f  s a n i t a r y  o r  i n d u s t r i a l  wastewater.  To date,  i n -sys tem 
and downstream c o n t r o l s  have been a p p l i e d  ma in l y  on combined sewer systems. 
An example of an in -sys tem o r  downstream c o n t r o l  on a  s to rm sewer would be a 

. bas in ,  e i t h e r  i n l i n e  o r  o f f l i n e ,  used f o r  f l o o d  c o n t r o l .  Such a b a s i n  can be 
des igned t o  t a k e  advantage o f  t h e  sed imenta t ion  t h a t  occurs  i n  a s t o rage  
f a c i l i t y  t o  improve t h e  q u a l i t y  o f  t h e  d ischarged  f l o w  w h i l e  c o n t r o l l i n g  t h e  
d i scha rge  ra te .  
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F i g u r e  6. Schemat ic  c l a s s i f i c a t i o n  o f  s t o rage  
and/or  s e d i m e n t a t i o n  f a c i l i t i e s .  
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F i g u r e  7 .  C l a s s i f i c a t i o n  scheme based on t y p e  o f  sewer system. 



The r e l a t i o n s h i p  o f  t h e  main g roup ing ,  t e c h n i c a l  c o n f i g u r a t i o n ,  and main  
f u n c t i o n  p r i n c i p l e  i s  shown i n  T a b l e  7. A schemat i c  o f  t h e  c l a s s i f i c a t i o n  o f  
s t o r a g e  and /o r  s e d i m e n t a t i o n  f a c i l i t i e s  a c c o r d i n g  t o  t h e i r  b a s i c  f u n c t i o n  o f  
p r i n c i p l e  i s  shown i n  F i g u r e  8. 

T a b l e  7. CLASSIFICATION OF STORAGE 
AND/OR SEDIMENTATION FACILITIES 

Main  f u n c t i o n  p r i n c i p l e  ' 

Techn i ca l  
Main group c o n f i g u r a t i o n  R e t e n t i o n  D e t e n t i o n  Sed imen ta t i on  

Source c o n t r o l  Roo f top  
P a r k i n g  l o t  
P l a z a  
D i t c h  
D ry  pond 
Wet pond 
L i n e d  b a s i n  
Porous pavement 

I n - sys tem c o n t r o l  Sewer network  
P i p e  package 
L i n e d  b a s i n  
Cave 
Tunnel  

Downstream c o n t r o l  L i n e d  b a s i n  
Open pond 
Cave 
Tunnel  
Treatment  p l a n t  

There  a r e  t h r e e  main  f u n c t i o n  p r i n c i p l e s  a s s o c i a t e d  w i t h  s t o r a g e  a n d / o r  
s e d i m e n t a t i o n  f a c i  1  it i . e s :  (1 ) r e t e n t i o n  s t o r a g e ,  ( 2 )  d e t e n t i o n  s t o r a g e ,  and 
( 3 )  s e d i m e n t a t i o n .  Any s t o r a g e  and/or  s e d i m e n t a t i o n  f a c i l i t y  can be d e s i g n e d  
p r i m a r i l y  t o  meet any one o f  t h e  main f u n c t i o n  p r i n c i p l e s  ( r e t e n t i o n  and 
s e d i m e n t a t i o n  o r  d e t e n t i o n  and s e d i m e n t a t i o n ) .  

The main  g r o u p i n g s  o f  s t o r a g e  and/or  s e d i m e n t a t i o n  f a c i l i t i e s  by l o c a t i o n  
w i t h i n  t h e  sewerage ne twork  a r e :  ( 1 )  sou rce  c o n t r o l ,  ( 2 )  i n - s y s t e m  c o n t r o l ,  
and ( 3 )  downstream c o n t r o l .  W i t h i n  t h e s e  main g r o u p i n g s  a v a r i e t y  o f  
t e c h n i  c a l  c o n f i  g u r a t i  ons can be accommodated. 

Many o f  t h e  t e c h n i c a l  c o n f i g u r a t i o n s  can be used t o  s a t i s f y  one o r  more main  
f u n c t i o n  p r i n c i p l e s  o r  main g roup ings .  The t e c h n i c a l  c o n f i g u r a t i o n s  i n c l u d e :  

P e r c o l a t i o n  b a s i  ns 
D r a i n a g e  swal es 
D r y  we1 1  s  
Trenches 
Porous pavement 
B l  ue-green s t o r a g e  
R o o f t o p  pond i  ng  
P a r k i n g  l o t s  



Overflow 

Percolation 

a) Retent ion b a s h  

Overflow 

Outlet 

b) Detent ion basin 

c )  S e d i m e n t a t i o n  b a e l n  

F i g u r e  8. C l a s s i f i c a t i o n  o f  s t o r a g e  and/or  s e d i m e n t a t i o n  f a c i l i t i e s  
based on main  f u n c t i o n  o f  p r i n c i p l e  (adap ted  f r o m  [ I ] ) .  



Pedes t r i an  p l  azas and ma1 1 s 
Dry ponds 
Wet ponds 
Check dams 
I n - p i p e  s to rage  i n  e x i  s t i n g  sewers 
P ipe bundles 
Concrete bas ins  
Tunnels and caverns 

Main Func t i on  P r i  n c i  ~les 

R e t e n t i o n  Storage. R e t e n t i  on i s  t h e  s t o rage  o f  s tormwater  r uno f f  f o r  complete 
removal f rom t h e  su r f ace  d ra inage  and d i scha rge  system. The p r ima ry  i n t e n t  i n  
t h e  use o f  r e t e n t i o n  s to rage  i s - t o  a l l o w  t h e  s tormwater  t o  evapora te  and/or  t o  
i n f i l t r a t e  and p e r c o l a t e  i n t o  t h e  ground. 

P e r c o l a t i o n  o f  stormwater t o  t h e  groundwater o f f e r s  a number o f  b e n e f i t s  i n  
a d d i t i o n  t o  c o n t r o l l i n g  s tormwater  f l ows .  The groundwater i s  recharged 
h e l p i n g  t o  reduce o r  p reven t  ground subsidence; l o w e r i n g  t h e  wate r  t a b l e  
i nc reases  t h e  overburden p ressure  o f  t h e  s o i l  l o c a t e d  between t h e  o r i g i n a l  and 
t h e  lowered water  t a b l e  caus ing  compression o f  t h e  s o i l  mass. Th i s  i s  
p a r t i c u l a r l y  impo r tan t  i n  areas where t h e  groundwater bas ins  a re  b e i n g  
overdrawn and inc reased  u r b a n i z a t i o n  i s  reduc ing  normal i n f i l t r a t i o n .  
P e r c o l a t i o n  o f  stormwater can be used as wa te r  supp ly  recharge i n  areas where 
ground subsidence due t o  o v e r d r a f t  pumping i s  no t  a  problem. I n  a d d i t i o n ,  
p e r c o l a t i o n  th rough  a s o i l  column has been shown t o  be very  e f f e c t i v e  i n  
removing b a c t e r i a ,  oxygen demanding m a t e r i a l ,  and suspended m a t e r i a l  f rom 
wastewater.  

D e t e n t i o n  Storage. De ten t i on  i s  t h e  s t o rage  o f  s tormwater  r u n o f f  f o r  d e l a y i n g  
and c o n t r o l l i n g  t h e  re l ease  r a t e  t o  a t t e n u a t e  peak f l o w s  i n  t h e  s u r f a c e  
d ra inage  and d ischarge  system. D e t e n t i o n  s to rage  can be accompl ished th rough  
t h e  use o f  system i n l e t  c o n t r o l s ,  o n l i n e  and o f f l i n e  ponds, o r  o n s i t e  
s to rage .  

O n s i t e  d e t e n t i o n  r e f e r s  t o  t h e  s to rage  o f  s tormwater  r u n o f f  a t  o r  ve ry  near 
t h e  s i t e  o f  i t s  o r i g i n ,  and i t s  subsequent d ischarge  a t  a p rede te rmined  
re l ease  r a t e .  The i n t e n t  o f  o n s i t e  d e t e n t i o n  i s  t o  u t i l i z e  e x i s t i n g  o r  
proposed imperv ious areas o r  s t r u c t u r e s  t o  s t o r e  and c o n t r o l  r uno f f .  T y p i c a l  
examples o f  such ons i  t e  s t o rage  i n c l u d e  r o o f t o p s ,  p lazas ,  p a r k i n g  l o t s  and 
s t r e e t s ,  underground s t r u c t u r e s ,  ponds, and mu1 t ipurpose d e t e n t i o n  r e s e r v o i  r s .  

Sedimentat ion.  Sedimentat ion,  as used here, r e f e r s  t o  those  f a c i l i t i e s  whose 
p r ima ry  purpose i s  t o  separa te  suspended p a r t i c l e s  f rom wate r  by g r a v i t a t i o n a l  
s e t t l i n g .  Sedimentat ion bas ins  may a l s o  be r e f e r r e d  t o  as sed imen ta t i on  
tanks,  s e t t l i n g  bas ins,  o r  s e t t l i n g  tanks.  

The o b j e c t i v e  o f  t rea tment  by sed imen ta t i on  i s  t o  remove r e a d i l y  s e t t l e a b l e  
s o l i d s  and f l o a t i n g  m a t e r i a l  and t h u s  t o  reduce t h e  suspended s o l i d s  
con ten t .  When a p p l i e d  t o  s to rm sewer d ischarges  and combined sewer over f lows,  
sed imenta t ion  i s  used t o  p r o v i d e  a moderate d e t e n t i o n  p e r i o d  t o  remove a 



p o r t i o n  o f  t h e  o rgan i c  s o l i d s  and a  s u b s t a n t i a l  p o r t i o n  o f  t h e  i n o r g a n i c  
s o l i d s  t h a t  o the rw i se  would be d ischarged  d i r e c t l y  t o  t h e  r e c e i v i n g  wate r .  
T h i s  can p reven t  t h e  f o rma t i on  o f  o f f e n s i v e  s ludge  banks. Sed imenta t ion  
bas ins  have a l s o  been used t o  p r o v i d e  s u f f i c i e n t  d e t e n t i o n  p e r i o d s  f o r  
e f f e c t i v e  c h l o r i n a t i o n  o f  such ove r f l ows  [ Z ] .  

bua l  Purpose Deten t ion -Sed imenta t ion .  De ten t i on  f a c i  1  i t i O s  p r o v i d e  f l o w  
and/or f l o o d  c o n t r o l  by r e t a i n i n g ,  b u f f e r i n g ,  and a t t e n u a t i n g  f l ows ;  t h i s  a l s  o  
p rov i des  some 1  eve1 o f -  po l  l u t i o n ~ c o n t r o l  by d e t a i n i n g  f low 1  ong enough f o r  
sed imen ta t i on  o r  g r a v i t y  s e t t l i n g  t o  occur.  Th i s  dual  purpose, d e t e n t i o n  and 
sed imenta t ion ,  should  be cons idered  c a r e f u l l y  d u r i n g  e v a l u a t i o n  and des ign.  
Through a p p r o p r i a t e  s e l e c t i o n  o f  t h e  des ign  parameters f o r  a  f a c i l i t y ,  t h e  
dual  d e t e n t i o n  and sed imenta t ion  f u n c t i o n s  can be op t im ized .  R e t r o f i t t i n g  o f  
e x i s t i n g  d e t e n t i o n  f a c i l  i t i e s  can improve t h e i  r sed imen ta t i on  e f f i c i e n c y .  
Whenever poss ib l e ,  f a c i l i t i e s  shou ld  be designed t o  o p t i m i z e  p o l l u t a n t  remova l  
as we1 1  as f l ow c o n t r o l  . 
L o c a t i o n  i n  t h e  Sewerage Network 

Source C o n t r o l .  Source c o n t r o l  methods a re  used near  t h e  source o f  t h e  
s tormwater  r u n o f f .  Source c o n t r o l  r e f e r s  t o  f a c i  1  i t i e s  and p r a c t i c e s ,  used t o  
m i t i g a t e  s tormwater  o r  CSO adverse impacts,  which i n i t i a t e  c o r r e c t i v e  a c t i o n  
c l o s e  t o  t h e  o r i g i n  o f  t h e  s tormwater  r u n o f f .  I n l e t  c o n t r o l ,  o n s i t e  d e t e n t i o n  
s torage,  and r e t e n t i o n  s to rage  a r e  t h e  main c a t e g o r i e s  o f  source c o n t r o l  
op t ions . 
I n l e t  c o n t r o l  r e f e r s  t o  methods used t o  r e g u l a t e  t h e  f l o w  a t  t h e  i n l e t  t o  t h e  
sewer system. The d e t e n t i o n  volume i s  c r e a t e d  by c o n t r o l l i n g  t h e  o u t f l o w  f r o m  
s p e c i a l l y  prepared areas such as h o r i z o n t a l  r oo f s ,  p a r k i n g  l o t s ,  i n d u s t r i a l  
grounds, o r  o t h e r  imperv ious areas. 

Cases where t h e  d e t e n t i o n  t akes  p l ace  a t  o r  near t h e  source o f  t h e  r u n o f f  b u t  
p r i o r  t o  i t s  e n t r y  i n t o  t h e  sewer system a r e  r e f e r r e d  t o  as o n s i t e  s to rage .  
Local  hand1 i n g  and c o n t r o l  1  ed re1 ease t y p i f y  ons i  t e  s torage.  General ly,  
o n s i t e  s t o rage  i s  used f o r  d e t a i n i n g  t h e  r u n o f f  f r om  one o r  more p i eces  of  
r e a l  es ta te .  The r u n o f f  u s u a l l y  has been t r a n s p o r t e d  o n l y  a  s h o r t  d i s t a n c e  
be fo re  i t  reaches t h e  d e t e n t i o n  f a c i  1  i t y .  Typ i ca l  ons i  t e  s t o rage  f a c i l i t i e s  
may be i n  t h e  form o f  a  d i ked  area, d i t c h ,  pond, l i n e d  bas in ,  o r  underground 
v a u l t  w i t h  a  b a s i n  as t h e  i n l e t .  

R e t e n t i o n  s torage,  u t i l i z i n g  t h e  a b i l i t y  o f  t h e  s o i l  t o  s t o r e  o r  t r a n s p o r t  
water ,  i s  ano ther  form o f  source c o n t r o l .  Wi th  t h i s  t y p e  o f  f a c i l i t y ,  t h e  
s tormwater  i s  a l lowed t o  i n f i l t r a t e  i n t o  t h e  s o i l  and p e r c o l a t e  down t o  t h e  
groundwater t a b l e .  I n  areas u n s u i t a b l e  f o r  i n f i l t r a t i o n ,  t h e  s tormwater  can 
be d i r e c t e d  i n t o  s p e c i a l l y  b u i l t  s to rage  excava t ions  i n  a  permeable s t r a t u m  
below t h e  ground sur face.  .From these, t h e  water  can then  p e r c o l a t e  i n t o  t h e  
s o i l .  R e t e n t i o n  s to rage  f a c i l i t i e s  may i n c l u d e  p e r c o l a t i o n  bas ins,  d ra i nage  
swal es, d r y  we1 1  s, t renches,  porous pavement, and ponds. 

In-System C o n t r o l .  In-system s to rage  i n c l u d e s  c o n t r o l l e d  s t o rage  i n  t h e  p i p e  
o r  d ra inage  channel network and/or  i n  t ank  o r  t u n n e l  s torage.  D e t e n t i o n  of 



stormwater  r u n o f f  o r  combined sewer over f lows  may be accompl ished by two 
methods o f  i n -sys tem c o n t r o l :  ( 1 )  i n 1  i n e  s to rage ,  and ( 2 )  o f f 1  i n e  s to rage .  

I n l i n e  Storage. I n l i n e  s to rage  i s  t h e  use o f  excess capac i t y  o r d i n a r i l y  
found i n  a  sewer system and/or a r t i f i c i a l  s to rage  f a c i l i t i e s  (bas ins ,  
channels,  tunne ls ,  e tc .  , )  t o  s t o r e  stormwater r u n o f f  o r  combined sewer 
over f lows .  The term,  as used here,  denotes t h a t  t h e  f a c i l i t i e s  a re  empt ied b y  
means o f  g r a v i t y .  A c h a r a c t e r i s t i c  f u n c t i o n  i n  t h e  case o f  i n l i n e  s t o rage  i s  
t h a t  t h e  de ta i ned  f low i n t e r a c t s  d i r e c t l y  w i t h  t h e  f l o w  which i s  be ing  
t r a n s p o r t e d  f u r t h e r  i n  t h e  system. I n l i n e  s t o rage  i s  a  p a r t i c u l a r l y  
a t t r a c t i v e  o p t i o n  i n  l a r g e  c i t i e s ,  e s p e c i a l l y  t hose  w i t h  l a r g e ,  f l a t  d ra i nage  
channels o r  combined sewers f o r  CSO and urban s tormwater  r u n o f f .  

I n l i n e  s t o rage  i s  p rov i ded  by damming, ga t ing ,  o r  o the rw i se  r e s t r i c t i n g  f l o w  
passage t o  c r e a t e  a d d i t i o n a l  s to rage  by back ing  up t h e  wate r  i n  upstream 
condu i t s ,  channels,  tanks o r  bas ins.  A l though s imp le  r e g u l a t o r s  can be used 
t o  generate  i n l i n e  s torage,  some i n l i n e  f a c i l i t i e s  can r e q u i r e  a  s o p h i s t i c a t e d  
m o n i t o r i n g  and c o n t r o l  system t o  maximize t h e  s to rage  e f f e c t i v e n e s s .  A l t hough  
i n l i n e  s t o rage  has u s u a l l y  been a p p l i e d  t o  combined sewer systems, i t  i s  
apparent  t h a t  i t  a l s o  can be used f o r  separa te  s to rm sewer systems. The 
o b j e c t i v e  o f  i n 1  i n e  s torage,  when a p p l i e d  t o  combi ned sewer systems, has been 
t o  maximize t h e  volume o f  f l o w  d i r e c t e d  t o  a  downstream t r ea tmen t  p l a n t  w h i l e  
m i n i m i z i n g  t h e  o v e r f l o w  frequency, volume, and assoc ia ted  po l  1  u t a n t  l o a d  t o  
t h e  r e c e i v i n g  water .  

I n l i n e  s t o rage  systems have been developed and implemented w i t h  v a r y i n g  
degress o f  success, f o r  example, i n  S e a t t l e  [3], Minneapo l i s -S t .  Paul [4], 
D e t r o i t  [5], New York C i t y  [6], and S w i t z e r l a n d  [7]. I n  t h e  case o f  New York 
City, most o f  t h e  s t o rage  i s  d ra i ned  by g r a v i t y  w h i l e  t h e  remainder i s  
dewatered by pumping. 

O f f l i n e  Storage. O f f l i n e  s to rage  r e f e r s  t o  t hose  cases where t h e  sewer 
system, t h rough  some form o f  ove r f l ow  o r  pumping arrangement, re leases  f l o w  i n  
excess o f  some predetermined r a t e  t o  spec i  a1 s to rage  f a c i  1  i ties. Such s to rage  
may be i n  a  mined l a b y r i n t h ,  l i n e d  o r  u n l i n e d  t u n n e l ,  cavern,  o r  bas in .  I n  
t h i s  case, t h e  s to rage  f a c i l i t i e s  a re  e i t h e r  f i l l e d  by pumping t o  s to rage  and 
empt ied by g r a v i t y  o r  f i l l e d  by g r a v i t y  and empt ied by pumping t h e  s t o r e d  f l o w  
back t o  t h e  sewer system a f t e r  t h e  storm. I n  o f f l i n e  s to rage ,  t h e  de ta i ned  
f l o w  i s  t e m p o r a r i l y  w i t h h e l d  f rom a l l  f u r t h e r  t r a n s p o r t a t i o n  i n  t h e  p i p e  
network.  Of ten,  t h e r e  i s  no i n t e r a c t i o n  between t h e  s t o r e d  wate r  and wate r  
which i s  t r a n s p o r t e d  w i t h i n  t h e  system. The o b j e c t i v e  o f  o f f l i n e  s to rage  i s  
s i m i l a r  t o  t h a t  of i n l i n e  s t o rage  except t h a t ,  i n  many cases, o n l y  t h e  
i n i t i a l ,  h e a v i l y  p o l l u t e d  f low i s  captured.  

O f f l i n e  s t o rage  f a c i l i t i e s  have been developed and s u c c e s s f u l l y  implemented i n  
Boston [8, 91, Chippewa F a l l s  [ lo ] ,  Saginaw [ll,121, Sacramento [13], 
Rochester  [ l 4 ] ,  Chicago [15], M i 1  waukee [ l6 ] ,  and San F ranc i  sco [I71. 

Downstream Con t ro l  . Conceptual l y ,  a  downst ream s to rage  and/or  sed imenta t ion  
f a c i l i t y  d i f f e r s  from o t h e r  d e t e n t i o n  f a c i l i t i e s  o n l y  i n  i t s  l o c a t i o n  i n  t h e  
sewerage system--immedi a t e l y  u p s t  ream o f  t h e  r e c e i  v i  ng wa te r  and/or t r ea tmen t  



p l a n t .  However, many o f  i t s  des ign f e a t u r e s  a re  d i c t a t e d  by i t s  f u n c t i o n  
( i n t e r c e p t i o n  o f  t r i b u t a r y  f l o w s ) ,  performance expec ta t i ons ,  and env i ronmenta l  
s e t t i n g .  Downstream c o n t r o l  f a c i l i t i e s  may be i n  o p e r a t i o n  a t  a l l  t imes (no 
bypass o p t i o n )  o r  i n  o p e r a t i o n  i n t e r m i t t e n t l y  (used . a t  t h e  o p e r a t o r ' s  
o p t i o n ) .  The general  appl  i c a t i o n  o f  downstream c o n t r o l  f a c i  1  i t i e s  i s  on 
combined sewer systems, so t h e  volume o f  wastewater receiv' ing t rea tment  a t  t h e  
dry-weather  p l a n t  can be maximized. These f a c i l i t i e s  a re  u s u a l l y  dewatered 
d u r i n g  and a f t e r  s torm events  as a l lowed by t h e  a v a i l a b l e  c a p a c i t y  i n  t h e  
sewers, i n t e r c e p t o r s ,  and t r ea tmen t  p l an t s .  I f  t h e  s to rage  and/or 
sed imenta t ion  f a c i 1 i t i e . s  d ischarge  d i r e c t l y  t o  c o n f i n e d  waters ,  t h e  f a c i l i t i e s  
no rma l l y  i n c l u d e  d i s i n f e c t i o n  c a p a b i l i t i e s .  

Downstream s to rage  and/or sed imenta t ion  f a c i l i t i e s  on separa te  storm dra inage  
systems can be used f o r  f l o w  c o n t r o l  and/or sediment and f l o a t a b l e s  removal. 
Such a  f a c i l i t y  can be used t o  c o n t a i n  f i r s t  f l u s h  r u n o f f  f rom an urban area 
t o  m in im ize  t h e  p o l l u t a n t  d ischarge  f rom a d d i t i o n a l  development. The s t o r e d  
r u n o f f  can be discharged, s l o w l y  t o  t h e  s a n i t a r y  sewer system f o r  t r ea tmen t  
be fo re  d ischarge  t o  t h e  r e c e i v i n g  water.  Th is  approach a l l ows  t h e  p o l l u t a n t  
mass d ischarged t o  be h e l d  cons tan t  o r  reduced even though t h e  p o l l u t a n t  mass 
i n  t h e  r u n o f f  may be inc reased  due t o  t h e  a d d i t i o n a l  urban development. The 
f l o w  d ischarged f rom such a  f a c i l i t y ,  a f t e r  t h e  s to rage  has been f i l l e d ,  
usual  l y  does no t  requ i  r e  d i s i n f e c t i o n  s i nce  domest ic sewage i s  excluded f rom 
separate s torm dra inage systems. 

Downstream c o n t r o l  f a c i l i t i e s  i n c l u d e  l i n e d  basins,  open ponds, tunne ls ,  
caverns, and b u r i e d  tanks.  

T e c h n i c a l .  C o n f i g u r a t i o n  

The t e c h n i c a l  des ign o f  r e t e n t i o n ,  de ten t i on ,  o r  sed imenta t ion  f a c i l i t i e s  i s  
s t r o n g l y  a f f e c t e d  by l o c a l  cond i t i ons .  The requ i red  volume can be c rea ted  i n  
a number of ways. There a re  t h r e e  p r i n c i p a l  p laces t o  p r o v i d e  t h e .  volume: 
(1) above ground, ( 2 )  a t  ground l e v e l ,  and ( 3 )  underground. The f o l l o w i n g  a r e  
b r i e f  d e s c r i p t i o n s  o f  many o f  t h e  most common methods f o r  p r o v i d i n g  t h e  
requ i  red  vo l  ume. 

P e r c o l a t i o n  Basins. Stormwater r u n o f f  i s  conveyed t o  a s u i t a b l e  open area, 
which may o r  may n o t  be covered by vege ta t ion ,  where t h e  wate r  i s  a l lowed t o  
p e r c o l a t e  i n t o  t h e  ground. I n  urban areas, t h e  p e r c o l a t i o n  bas ins  may be 
s p e c i a l l y  b u i l t  excava t ions  below t h e  ground su r f ace  where t h e  s o i l  i s  
permeabl e. 

Dra inage -Swales. Drainage swal es ad jacen t  t o  roadways w i t h o u t  curbs o r  i n  
r e s i d e n t i a l  areas can be p lanned t o  r e t a i n  runof f .  Such swales must be away 
f rom houses and s i d e  ya rds  so t h a t  swampy areas do n o t  develop. 

Dr  Wel ls.  Dry w e l l s  can p r o v i d e  a  means o f  s to rage  as w e l l  as s i g n i f i c a n t  
?+IT-i s c  arge o r  d i s s i p a t i o n  p o t e n t i a l  i n  permeable s o i l s .  Dry w e l l s  should be 
deep enough so t h a t  p o s s i b l e  seepage downh ill does n o t  c r e a t e  a  problem. 
P r o v i s i o n  shou I d  be i n c l u d e d  t o  m in im ize  si l t a t i o n  and c l o g g i n g  o f  t h e  
permeable s o i  1  s t r a t a  t o  a v o i d  s i g n i f i c a n t  impai rment o f  in f i1t r a tion 
c a p a c i t y  [18]. 



Trenches. Pe r fo ra ted  d r a i n  p i p e  o r  open graded r o c k  f i l l  w i t h  t h e  use o f  
f i l t e r  c l o t h  i n  a l a t e r a l  t r e n c h  can be used f o r  below ground d i s p o s i t i o n  o f  
stormwater r u n o f f .  S i l t  and d e b r i s  must be t r apped  be fo re  t h e  water  en te r s  
t h e  t r e n c h  t o  p reven t  c l ogg ing  o f  t h e  s o i l  s t r a t a .  

Porous Pavement. Porous t y p e  a s p h a l t i c  pavement can be used f o r  s t r e e t s  o r  
p a r k i n g  l o t s  where t h e  subgrade has s u f f i c i e n t  i n f  i1  t r a t i o n  and p e r c o l a t i o n  
capac i ty .  I n  cases where t h e  u n d e r l y i n g  s o i l  does n o t  meet t h e  i n f i l t r a t i o n  
and p e r c o l a t i o n  c a p a c i t y  requirements,  p e r f o r a t e d  p i pes  can be used t o  c o l l  e c t  
t h e  stormwater f rom beneath t h e  subgrade and convey i t  t o  another  l o c a t i o n  
s u i t a b l e  f o r  i n f i l t r a t i o n  and pe rco l  a t i on .  Porous pavement i s  usual  l y  used i n  
c l ima tes  where t h e  ground i s  n o t  s u b j e c t  t o  f r e e z i n g .  However, w i t h  s p e c i a l  
des ign cons ide ra t i ons ,  porous pavement has been used i n  c o l d  c l i m a t e  l o c a t i o n s  
such as Rochester,  New York. 

Lake le t  System. A s e r i e s  o f  smal l  water  bodies,  ar ranged i n  se r i es ,  which 
p rov ide  t h e  necessary s to rage  capac i ty ,  can be used t o  p r o v i d e  sediment 
c o n t r o l  a lso .  .Flow i n t r oduced  i n t o  t h e  i n i t i a l  l a k e l e t  then  f l ows  s e r i a l l y  
i n t o  t h e  rema in ing  l a k e l e t s ;  i n  e f f e c t ,  a c t i n g  as a s e r i e s  o f  s t o rage  
r e s e r v o i r s .  Sedimentat ion takes  p l ace  i n  each l a k e l e t .  Flow th rough such a 
l a k e l e t  system i s  u s u a l l y  by g r a v i t y  w i t h  e i t h e r  a g r a v i t y  d ischarge  o r  pumped 
d ischarge  f rom t h e  f i n a l  l a k e l e t .  A l a k e l e t  system can be used on e i t h e r  
separate s torm dra inage  o r  on CSO (as i n  Mount Clemens, M ich igan  [12]). 

Blue-Green Storage. Stormwater s to rage  i n  urban drainageways t r a v e r s i n g  
roadways u t i  1  i z e s  t h e  roadway embankments as dams and c o n t r o l  s t r u c t u r e s .  The  
s t r u c t u r e s  g e n e r a l l y  pass smal l  f l ows  unimpeded w h i l e  ponding occurs when t h e  
f l o w  exceeds t h e  pass-through r a t e  [18]. 

Roof top Ponding. Ho r i zon ta l  r o o f  su r faces  can be used t o  d e t a i n  stormwater 
f low.  Such r o o f s  a r e  common f o r  i n d u s t r i a l ,  commercial, and apartment 
b u i l d i n g s .  B u i l d i n g  codes i n  many p a r t s  o f  t h e  c o u n t r y  s p e c i f y  t h a t  r o o f s  be 
designed t o  suppor t  snow loads  o r  o t h e r  l i v e  loads. The d e t e n t i o n  i s  
c o n t r o l l e d  by a s imp le  d r a i n  r i n g  s e t  around t h e  r o o f  d ra i ns .  As stormwater 
begins t o  pond on t h e  roo f ,  f l o w  i s  c o n t r o l l e d  by o r i f i c e s  o r  s l i t s  i n  t h e  
r i n g ;  extreme f l o w s  o v e r f l o w  t h e  r i n g  t o  p reven t  s t r u c t u r a l  damage t o  t h e  
roo f .  

Park ing  Lo t s  and S t r e e t s  (Major-Minor F lood ing) .  Stormwater can be de ta i ned  
on paved p a r k i n g  l o t s  by sha l low bas ins o r  swales. The p a r k i n g  l o t  should be 
graded t o  c r e a t e  m u l t i p l e  s to rage  areas l i k e  saucers.  A t  each low p o i n t ,  a  
ca t ch  bas in  o r  i n l e t  i s  used t o  c o n t r o l  t h e  ou t f l ow .  The o u t f l o w  c o n t r o l  can 
be accomplished e i t h e r  by r e s t r i c t i n g  t h e  s i z e  of t h e  o u t l e t  p i p e  o r  by u s i n g  
a  spec ia l  cover  w i t h  d r i l l e d  ho les.  The arrangement of t h e  ponding areas 
w i t h i n  t h e  p a r k i n g  l o t  should be planned so t h a t  p e d e s t r i a n s  a re  
inconvenienced as l i t t l e  as poss ib l e .  

I n  what can be termed major-minor f l o o d i n g ,  t h e  c u r b l i n e  a long  s t r e e t s  and 
roads can be used t o  s t o r e  stormwater.  Th is  s to rage  can be developed by 
r e s t r i c t i n g  t h e  r a t e  o f  e n t r y  o f  f l o w  i n t o  ca tchbas ins  and i n l e t s  a t  t h e  



cu rb l  ine.  The stormwater then ponds along the c u r b l  i n e  and extends o u t  i n t o  
the  s t ree t .  The des i red  depth o f  the water a t  t he  c u r b l  i n e  and the  spread o f  
the  water on the pavement are o f t e n  c r i t e r i a  f o r  spacing the i n l e t s .  It i s  
o f ten  poss ib le  t o  a l low a g rea te r  depth o f  storage along r u r a l  roads than 

, a1 ong urban s t ree ts .  This method o f  a l lowing minor  f l o o d i n g  w i t h i n  the 
drainage area can be used r a t h e r  than i n l i n e  storage o r  added t reatment  
capac i ty  t o  prevent major f l ood ing  downstream i n  t h e  sewer system o r  
r e c e i v i n g  water. 

Pedestr ian Pl azas and Ma1 1 s. I n  heav i l y  urbanized areas, e f f e c t i v e  stormwater 
de tent ion  can be incorporated i n t o  the  design o f  pedest r ian  p lazas,  mal ls ,  and 
o ther  s i m i l  a r  type devel opments. The ponding requ i  rement can be accompl ished 
using shal low depths. O u t l e t  con t ro l  devices must be checked and mainta ined 
frequent1 y t o  avoid f l ooding probl  ems and t o  avoid pub1 i c  inconvenience. 

Dry Ponds. Permanent ponds are f requen t l y  used f o r  sur face storage o f  
stormwater r u n o f f  and combined sewer overf lows. Dry ponds are  small to la rge '  
depressions, constructed by usual excavation and embankment procedures, t h a t  
p rov ide  f o r  con t ro l  l e d  re1 ease o f  impounded water b u t  do n o t  r e t a i n  water 
between storms. They can be made t o  f i t  wel l  i n t o  small developments because 
they can be designed and i n s t a l l e d  as small s t ruc tures .  

A t h l e t i c  f i e l d s  can be incorporated i n t o  permanent d r y  ponds used fo r  separate 
storm drainage storage. Soccer o r  f o o t b a l l  f i e 1  ds, basebal l  diamonds, and 
tenn is  cou r t s  can be made p a r t  o f  a dry  pond. The pond can be used as a 
r e c r e a t i o n  area fo r  the surrounding comnunity when i t  i s  n o t  i n  a c t i v e  use f o r  
stormwater storage. 

Wet Ponds. Wet ponds are  s i m i l a r  t o  dry  ponds b u t  w i t h  a d d i t i o n a l  temporary 
storage above the  normal pool e levat ion.  and w i t h  p r o v i s i o n  f o r  c o n t r o l  1 ed 
re1 ease. They are e f f e c t i v e  i n  reducing stormwater r u n o f f  and channel e ros ion  
and have the  added advantages o f  p rov id ing  water r e c r e a t i o n  o p p o r t u n i t i e s  and 
o f  increas ing l o c a l  l and  val  ue [ l g ] .  

Check Dams. Check dams o r  o ther  streambed s t r u c t u r e s  intended t o  impede and 
t o  pool r u n o f f  i n  open channels may be used f o r  areas t h a t  c o n t r i b u t e  to h igh  
1 eve1 s o f  stormwater suspended sol i d s  concentrat ions.  Not o n l y  are the 
adverse impacts o f  r u n o f f  m i t i g a t e d  by the  reduced f l o w r a t e s  and lengthened 
t ime o f  f l ow  concentrat ion,  b u t  erosion and sediment con t ro l  can be 
improved [181. 

In-Pipe Storage i n  E x i s t i n g  Sewers. Because storm sewers and combined sewers 
are designed t o  convey maximum f lows occurr ing, say, once i n  5 yea rs  (50 t o  
100 t imes the  average dry-weather f low) ,  dur ing  most storms the re  i s  consid- 
e rab le  unused vo l  urne w i t h i n  the  conduits. This unused vo l  ume can be used t o  
de ta in  f l ow  so the peak discharge r a t e  i s  reduced o r  so t h a t  add i t i ona l  f l o w  
i s  d i r e c t e d  t o  treatment f a c i l i t i e s .  Various types o f  r e g u l a t o r s  can be used 
t o  develop t h i s  in -p ipe  storage volume. 

Pipe Bundles. The term "p ipe bundle" r e f e r s  t o  de ten t ion  f a c i l  i t i e s  t h a t  are 
designed i n  the  form o f  a number o f  p a r a l l e l  pipe1 ines  w i t h  l a r g e  diameters. 



The p i p e  bundle d e t e n t i o n  f a c i l i t y  i s  u s u a l l y  connected i n  s e r i e s  t o  t h e  sewer  
network,  which means t h a t  a l l  o f  t h e  f l o w  passes t h rough  t h e  f a c i l i t y .  As a 
s p e c i a l  case, t h e  d e t e n t i o n  can t a k e  p l a c e  i n  a s i n g l e  o v e r s i z e  condu i t .  

Concrete Basins. Concrete bas ins  p robab ly  a re  t h e  most f l e x i b l e  and t h e  most 
commonly used types  o f  i n s t a l  1  a t i o n s .  The t e c h n i c a l  c o n f i g u r a t i o n  o f  such 
bas ins  can be t a i l o r e d  t o  f i t  c o n d i t i o n s  a t  a g i v e n  s i t e .  Concrete bas ins  c a n  
be connected bo th  i n  s e r i e s  and i n  p a r a l l e l  w i t h  t h e  sewer network. The 
bas ins  can be above ground, a t  ground l e v e l ,  o r  below ground as needed t o  f i t  
t h e  s i t e .  Out f low c o n t r o l  dev ices can i n c l u d e  p i p e s  o r  o r i f i c e s ,  we i rs ,  
p r o p r i e t a r y  dev i  ces, o r  pumps as r e q u i  red. 

Tunnels and Caverns. Tunnels and caverns can be used as t r a n s p o r t ,  de ten t ion ,  
o r  sed imenta t ion  f a c i l i t i e s  f o r  stormwater and combined sewage. Tunnels may 
be e i t h e r  i n l i n e  o r  o f f l i n e  f a c i l i t i e s  w h i l e  caverns (mined l a b y r i n t h s )  a re  
u s u a l l y o f f l i n e f a c i l i t i e s .  T u n n e l s m a y b e l i n e d o r u n l i n e d d e p e n d i n g o n  
t h e i r  l o c a t i o n  w i t h  respec t  t o  t h e  groundwater t a b l e  and t h e  geo log i ca l  
cond i t i ons .  Depending on t h e  depth o f  t h e  tunne l ,  c o n s t r u c t i o n  may be by 
cut-and-cover methods f o r  s h a l l  ow tunne l s  o r  by underground heading f o r  deep 
tunne ls .  
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I 

S e c t i o n  4 

SYSTEM PLANNING, D E S I G N  PROCEDURES, AND INTEGRATION 

The m u l t i v a r i a b l e  and complex n a t u r e  o f  stormwater management assessments make 
sys temat ic  approaches e s s e n t i a l .  Toward t h i s  end i t  i s  necessary t h a t  system 
p l a n n i n g  be undertaken t o  ensure t h a t  t h e  s o l u t i o n  t o  one problem w i l l  n o t  
c r e a t e  o t h e r  problems i n  t h e  f u t u r e .  The system p l a n n i n g  shou ld  i n c l u d e  an 
upgrading p l a n  o r  master p l a n  f o r  t h e  e n t i r e  system. Usua l ly ,  t h e  most 
economical and e f f e c t i v e  stormwater management system c o n s i s t s  o f  a 
combinat ion o f  f a c i l i t i e s  and techn iques  i n t e g r a t e d  i n t o  an o v e r a l l  p o l l u t i o n  
c o n t r o l  p lan.  Storage and/or sed imenta t ion  f a c i l i t i e s  a r e  o r  should be t h e  
backbone o f  such an i n t e g r a t e d  p lan.  They p r o v i d e  inexpensive,  e f f e c t i v e ,  and 
f l e x i b l e  stormwater c o n t r o l  t h a t  can be c o n s t r u c t e d  s i n g l y ,  i n  s e r i e s ,  o r  i n  
combinat ion w i t h  more advanced techniques as needed. The use o f  s t o r a g e  
and/or sed imenta t ion  f a c i l i t i e s  can be o p t i m i z e d  w i t h  respec t  t o  dual  use, as  
a t r a d e o f f  w i t h  t rea tment  f a c i l i t i e s ,  m u l t i u s e  ( a e s t h e t i c ,  e r o s i o n  c o n t r o l ,  
r e c r e a t i o n ,  i r r i g a t i o n ,  e tc . ) ,  and augmentat ion o f  e x i s t i n g  combined sewer 
o v e r f l o w  t r e a t m e n t  f a c i l i t i e s .  

O f  course, stormwater i s  u s u a l l y  o n l y  one o f  severa l  p o l l u t i o n  sources i n  an 
urban area. The compatabi l  i t y  o f  v a r i o u s  stormwater c o n t r o l  techn iques  w i t h  
o t h e r  p o l l u t i o n  c o n t r o l  f a c i l i t i e s  and o f  p o l l u t i o n  c o n t r o l  w i t h  f l o o d  c o n t r o l  
f a c i l i t i e s  must be considered when deve lop ing  a u n i f i e d  p o l l u t i o n  c o n t r o l  
p lan.  The advantages o f  an i n t e g r a t e d  c o n t r o l  p l a n  i n c l u d e  l o w e r  o v e r a l l  
p r i c e  and system f l e x i b i l i t y .  I n t e g r a t i o n  o f  severa l  smal l  c o n t r o l  f a c i l i t i e s  
i n t o  a p o l l u t i o n  c o n t r o l  p l a n  f o r  a developed area i s  o f t e n  e a s i e r  and l e s s  
c o s t l y  t o  c o n s t r u c t  than a s i n g l e ,  l a r g e  f a c i l i t y .  S i t e s  f o r  s m a l l e r  c o n t r o l  
f a c i l i t i e s  a r e  more e a s i l y  found. Also,  a d d i t i o n a l  f a c i l i t i e s  needed f o r  
stormwater c o n t r o l  f rom ad jacent  deve lop ing  areas can be i n t e g r a t e d  i n t o  t h e  
p l  an as development occurs. 

A m u l t i u n i t  c o n t r o l  system a l l o w s  t h e  l e v e l  and t y p e  o f  c o n t r o l  t o  be matched 
t o  t h e  catchment. For instance,  s to rage and/or sed imenta t ion  bas ins  may be 
used t o  c a p t u r e  f i r s t  f lushes i n  areas w i t h  combined sewers, o r  c h e m i c a l l y  
a s s i s t e d  sed imenta t ion  may be needed f o r  c o n t r o l  o f  t o x i c  r u n o f f  f rom an 
i n d u s t r i a l  area. A m u l t i u n i t  c o n t r o l  system r e t a i n s  i t s  f l e x i b i l i t y .  
A d d i t i o n a l  u n i t s  o r  c o n t r o l  techniques may be added i f  t h e  r u n o f f  
c h a r a c t e r i s t i c s  o r  a v a i l a b l e  a s s i m i l a t i v e  c a p a c i t i e s  change. E x i s t i n g  f l o o d  
c o n t r o l  f a c i l i t i e s  a l s o  may be r e t r o f i t t e d  t o  enhance p o l l u t i o n  removal i n  
i n t e g r a t e d  systems. An i n t e g r a t e d  systems approach a l l o w s  t h e  a d d i t i o n  of new 
f a c i l i t i e s  i n  ad jacent  areas as  t h e  areas a r e  developed, as w e l l  as t h e  
i n c o r p o r a t i o n  o f  new o r  improved types  o f  p o l l u t i o n  c o n t r o l  f a c i l i t i e s .  
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An i n t e g r a t e d  system approach a l s o  a l l o w s  s t a g i n g  o f  t h e  imp lemen ta t i on  o r  
c o n s t r u c t i o n  o f  t h e  p o l l u t i o n  c o n t r o l  f a c i l i t i e s .  F o r  example, t h e  l e a s t  
expensive ( b u t  c o s t - e f f e c t i v e )  o p t i o n ,  s to rage  and /o r  sed imen ta t i on ,  can be 
implemented b e f o r e  go ing  on t o  a more c o s t l y  o p t i o n  i n  a phased program. The 
use of a source c o n t r o l  o p t i o n  i s  most o f t e n  l e s s  expens ive  t h a n  downstream 
c o n t r o l ,  w h i l e  a1 so he1p i n g  t o  a1 l ev ia t ' e  problems i n  t h e  p i p e  o r  d r a i n a g e  
channel system downstream. Dual use o f  an e x i s t i n g  p i p e  network o r  d ra inage  
channel system w i t h  b l e e d i n g  o f  t h e  s t o r e d  volume i n t o  an e x i s t i n g  t r e a t m e n t  
f a c i l i t y  c o u l d  be implemented p r i o r  t o  o r  i n  p l a c e  o f  o f f l i n e  s t o r a g e  o r  
downstream c o n t r o l .  The development o f  downstream s t o r a g e  and/or  
sed imen ta t i on  o p t i o n s  ( e i t h e r  w i t h  o r  w i t h o u t  u t i l i z i n g  e x i s t i n g  t r e a t m e n t  
f a c i l i t i e s )  c o u l d  be t h e  n e x t  o p t i o n .  The use o f  such an i n t e g r a t e d  system 
approach can be a p p l i e d  t o  bo th  separa te  s torm d r a i n a g e  and combined sewer 
systems. 

I n  t h i s  s e c t i o n ,  i t  i s  assumed t h a t  t h e  master p l a n n i n g  has been completed a n d  
t h a t  a d e c i s i o n  has been reached t o  i n c l u d e  a s t o r a g e  and/or  s e d i m e n t a t i o n  
f a c i l i t y  as p a r t  o f  t h a t  p lan.  P lann ing  concepts,  methodologies,  and t o o l s  
common t o  a l l  s to rage  and/or  sed imen ta t i on  a p p l i c a t i o n s  a r e  i n t r o d u c e d  i n  t h i s  
s e c t i o n .  The need f o r  goal s e t t i n g  and r e a l i s t i c  a p p r a i s a l s  o f  o p t i o n s  as 
f o r e r u n n e r s  t o  des ign  a r e  s t ressed.  

The r o l e  o f  s t o r a g e  and/or sed imen ta t i on  i n  an i n t e g r a t e d  s tormwater  
management p l a n  i s  a l s o  d i scussed  i n  t h i s  sec t i on .  The c o n c u r r e n t  growth o f  
s tormwater  c o n t r o l  systems and urban areas i s  examined. R e t r o f i t  o f  e x i s t i n g  
f l o o d  c o n t r o l  and d ra inage  f a c i l i t i e s  t o  maximize p o l l u t i o n  c o n t r o l  i s  
d iscussed. Examples o f  urban s tormwater  c o n t r o l  a r e  d e s c r i b e d  t o  i l l u s t r a t e  
t h e  seve ra l  p o i n t s .  

SYSTEM PLANNING 

Once t h e  master  p l a n  o r  upg rad ing  p l a n  f o r  t h e  system has been completed , 
d e t a i l e d  p l a n n i n g  f o r  a s t o r a g e  and/or sed m e n t a t i o n  f a c i  i t y  can begin.  

C o n d i t i o n s  f o r  P1anni  n y  

B e f o r e  b e g i n n i n g  t h e  d e t a i l e d  p l a n n i n g  o f  a s t o r a g e  and/or  sed imen ta t i on  
f a c i l i t y ,  t h e  genera l  p l a n n i n g  c o n d i t i o n s  t h a t  p r e v a i l  f o r  t h e  f a c i l i t y  must 
be i d e n t i f i e d .  Among t h e  q u e s t i o n s  t o  be answered a r e  t h e  f o l l o w i n g :  

0 	 Is s t o r a g e  and/or sed imen ta t i on  t h e  b e s t  s o l u t i o n  f o r  dea i n g  w i t h  
t h e  p r o b l  ems invo l  ved? 

0 	 W i t h i n  what geographic  r e g i o n  . w i l l  t h e  s t o r a g e  and/or sed m e n t a t i o n  
f a c i  1it y  be 1ocated? 

0 What t y p e  o f  wastewater w i l l  e n t e r  t h e  f a c i l i t y ?  

0 What i s  t h e  goal o f  t h e  p lanned f a c i l i t y  [l]? 
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U n t i l  t h e  p l a n n i n g  c o n d i t i o n s  a r e  i d e n t i f i e d  and s t o r a g e  and/or  sed imenta t iom 
i s  concluded t o  be t h e  most s u i t a b l e  s o l u t i o n ,  d e t a i l e d  p l a n n i n g  f o r  any 
s t o r a g e  and/or sed imenta t ion  f a c i l i t i e s  should n o t  begin.  

Es tab l i shment  o f  Goals 

Storage and/or sed imenta t ion  can be accomplished f o r  d i f f e r e n t  l e n g t h s  o f  
t ime,  a l l  t h e  way f rom minimal n o t i c e a b l e  d e t e n t i o n  e f f e c t  t o  complete 
r e t e n t i o n  o f  t h e  f low.  For p l a n n i n g  o f  such f a c i l i t i e s  t o  be mean ing fu l ,  i t  
i s  a n e c e s s i t y  t h a t  t h e  g o a l ( s )  f o r  t h e  f a c i l i t y  be e s t a b l i s h e d .  

The goal o r  goals  e s t a b l i s h e d  a r e  u s u a l l y  based on t h e  o v e r a l l  e f f e c t  d e s i r e d  
f o r  t h e  f a c i l i t y .  For  example, t h i s  can be done i n  one o r  more of t h e  
f o l l o w i n g  ways: 

0 	 The f a c i l i t y  should n o t  be over loaded more than a c e r t a i n  number of 
t i m e s  p e r  year .  

0 	 The volume o f  wastewater s p i l l e d  d u r i n g  one y e a r  shou ld  n o t  exceed a 
g i  ven vo l  ume. 

0 	 The volume o f  wastewater s p i l l e d  on each i n d i v i d u a l  occas ion should 
n o t  exceed a g iven  volume. 

0 	 The annual mass emiss ion f o r  a s e l e c t e d  p o l l u t a n t  shou ld  n o t  exceed a 
s t a t e d  value. 

0 	 The number o f  v i o l a t i o n s  o f  a water  qua1 i t y  s tandard  o r  a t t a i n m e n t  o f  
r e c e i v i n g  water  b e n e f i c i a l  uses should n o t  exceed a s t a t e d  value. 

8 	 A s p e c i f i e d  minimum d e t e n t i o n  t i m e  f o r  a p a r t i c u l a r  s tormwater  r u n o f f  
r a t e  f rom a g i v e n  s to rm s h a l l  n o t  be exceeded. 

When t h e  goal o r  goa ls  have been se lec ted ,  t h e  s t o r a g e  and/or  sed imenta t ion  
f a c i l i t y  can be g i v e n  t h e  dimensions r e q u i r e d  t o  meet t h e  goal .  However, t h e  
goal e s t a b l i s h e d  o f t e n  cannot be used d i r e c t l y  i n  volume d e t e r m i n a t i o n  b u t  
must f i r s t  be t rans formed i n t o  d imensional -des ign c r i t e r i a .  Examples o f  such 
d imensional -des ign c r i t e r i a  i n c l u d e :  

0 	 The f a c i l i t y  should be a b l e  t o  c o n t a i n  t h e  f l o w  caused by r a i n  w i t h  a 
c e r t a i n  g i v e n  s t a t i s t i c a l  recurrence t ime.  

.o 	 The f a c i l i t y  should be a b l e  t o  c o n t a i n  t h e  f l o w  caused by a c e r t a i n  
s e l e c t e d  combinat ion o f  r e a l  r a i n s .  

6 	 The f a c i l i t y  should be a b l e  t o  handle a c e r t a i n  s p e c i f i e d  f l o w  
s i t u a t i o n  [l]. 

To des ign  s to rage and/or sed imenta t ion  f a c i l i t i e s  on a performance o r i e n t e d  
b a s i s  genera l  l y  r e q u i  res  e x t e n s i v e  c a l  c u l  a t i  ons. To check whether  t h e  
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performance c r i t e r i o n  i s  s a t i s f i e d ,  i t  i s  u s u a l l y  necessary t o  p e r f o r m  
cont inuous  s i m u l a t i o n s  o f  t h e  f a c i l i t y  f o r  l o n g  p e r i o d s  o f  a c t u a l l y  measured 
r a i n .  Models a v a i l a b l e  f o r  t h i s  cont inuous  p l a n n i n g  a r e  d iscussed l a t e r  i n  
t h i s  s e c t i o n .  

P1anni  ng Methodology 

When s to rage and/or sed imenta t ion  i s  i n c l u d e d  as a s u i t a b l e  s o l u t i o n  t o  t h e  
e s t a b l i s h e d  goals,  d e t a i l e d  p l a n n i n g  o f  t h e  s t o r a g e  and/or s e d i m e n t a t i o n  
f a c i l i t y  begins.  The use o f  a d e f i n e d  p l a n n i n g  methodology t o  gu ide  t h e  
process ensures t h a t  a l l  t a s k s  i n  t h e  process w i l l  be inc luded.  T y p i c a l  
des ign  methodologies f o r  source c o n t r o l  op t ions ,  in-system c o n t r o l  op t ions ,  
and downstream c o n t r o l  o p t i o n s  a r e  shown i n  F i g u r e s  9, 10, and 11, 
r e s p e c t i v e l y .  

The b a s i c  p l a n n i n g  methodology i n c l u d e s  t h e  f o l l o w i n g  s teps :  

I d e n t i f y  f u n c t i o n a l  requi rements 

0 I d e n t i f y  s i t e  c o n s t r a i n t s  

0 E s t a b l i s h  bas is  o f  des ign  

0 S e l e c t  s torage and/or t r e a t m e n t  o p t i o n  

0 Est imate  cos ts  and c o s t  s e n s i t i v i t i e s  

0 Check t h a t  f a c i l i t i e s  s a t i s f y  o b j e c t i v e s  

0 .  R e f i n e  and complete o r  modi fy  and repeat  

The major  i tems t o  be i d e n t i f i e d  i n  t h i s  procedure are :  

0 	 The t e c h n i c a l  c o n f i g u r a t i o n  o f  t h e  s t o r a g e  and/or s e d i m e n t a t i o n  
fa c i  1 it y ( ies ) 

0 The exact  l o c a t i o n ( s )  o f  t h e  i n s t a l l a t i o n ( s . )  

0 The s to rage volume(s) r e q u i r e d  

0 The c o s t  o f  t h e  f a c i l i t y ( i e s )  

Many o f  these f a c t o r s  a re  dependent upon one another .  To t h e s e  must be added 
e x t e r n a l  f a c t o r s  such as des ign c o n s i d e r a t i o n s  ( f l e x i b i l i t y ,  r e l i a b i l i t y ,  
management cons idera t ion ,  l a n d  requi rements,  e tc . )  and env i ronmenta l  
assessments (environmental  impact,  p u b l i c  h e a l t h  e f f e c t s ,  s o c i a l  impact,  
economic impact,  e tc . ) .  A l l  reasonable a l t e r n a t i v e  s o l u t i o n s  shou ld  be 
developed and analyzed as  p a r t  o f  t h e  p l a n n i n g  process. As s t a t e d  by 
Poer tner :  

S p e c i f i c  p lans a r e  u s u a l l y  o r i e n t e d  o n l y  toward  v a r i o u s  p o r t i o n s  o f  t h e  
dra inage network; they  should always address i m p o r t a n t  r e l a t i o n s h i p s  t o  
r e g i o n a l  1and development and resources management. As a s tudy  
progresses, t h e  p e r i o d i c  need t o  i n v e s t i g a t e  d a t a  and r e f i n e  t h e  p l a n n i n g  
work w i l l  u s u a l l y  become e v i d e n t .  Thus, t h e  p l a n n i n g  process i s  
i t e r a t i v e  [2]. 
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Because t h e  p l a n n i n g  process i s  i t e r a t i v e  ( a s  shown i n  F i g u r e s  9, 10,  and l l ) ,  
numerous a l t e r n a t i v e  s to rage and/or  sed imenta t ion  l o c a t i o n s  and/or f a c i l i t y  
s i z e s  may need e v a l u a t i o n .  The nex t  s tep  i s  t o  s e l e c t  t h e  r e q u i r e d  s to rage 
and/or  sed imenta t ion  volume. 

Cost Opt im i z a t ion Met hodol ogy 

The methodology used t o  e v a l u a t e  t h e  optimum c o s t  o f  s to rage and/or 
sed imenta t ion  f a c i l i t i e s  depends on t h e  purpose o f  t h e  f a c i l i t y :  f l o w  c o n t r o l  
on ly ,  o r  a combinat ion o f  f l o w  c o n t r o l  and p o l l u t a n t  r e d u c t i o n .  I n  t h e  case 
o f  a f a c i l i t y  f o r  f l o w  c o n t r o l  on ly ,  a mass-diagram method s i m i l a r  t o  t h a t  f o r  
water  supply  r e s e r v o i r  s i z i n g  should be used. F a c i l i t i e s  f o r  f l o w  c o n t r o l  and 
p o l l u t a n t  r e d u c t i o n  should use a p r o d u c t i o n  t h e o r y  approach as descr ibed by 
Heaney, --e t  a1 . [3]. 

Mass-Diagram Method. A graph o f  t h e  cumula t ive  r u n o f f  and t rea tment  p l o t t e d  
a g a i n s t  t i m e  i s  known as a mass-diagram o r  flow-mass curve. It i s  t h e  
i n t e g r a l  curve  o f  t h e  hydrograph which expresses t h e  area under t h e  hydrograph 
f rom one t i m e  t o  another.  A mass diagram p e r m i t s  a s imp le  g r a p h i c a l  
i n s p e c t i o n  o f  t h e  e n t i r e  r u n o f f  r e c o r d  o r  any p o r t i o n  o f  i t  f o r  d e t e r m i n a t i o n  
o f  e i t h e r  (1) t h e  r e s e r v o i r  c a p a c i t y  r e q u i r e d  t o  produce a s p e c i f i e d  t r e a t m e n t  
r a t e  ( o u t f l o w ) ,  o r  ( 2 )  t h e  t r e a t m e n t  r a t e  which can be expected f o r  a g i v e n  
r e s e r v o i r  capac i ty .  More d e t a i l e d  i n f o r m a t i o n  i s  p resented  by L i n s l e y  and 
F r a n z i n i  [4] o r  Chow 151. 

Given t h e  s e r i e s  o f  s to rage va lues f o r  t h e  p e r i o d  o f  record,  a s t a t i s t i c a l  
a n a l y s i s  o f  t h e  ar rayed s t o r a g e  va lues can be prepared on a p r o b a b i l i t y  
p l o t .  A p l o t  o f  s to rage c a p a c i t y  w i t h  respec t  t o  t h e  c o s t  assoc ia ted  w i t h  
development o f  t h a t  s to rage c a p a c i t y  should be prepared a lso.  The des ign 
s t o r a g e  c a p a c i t y  can then be s e l e c t e d  based on some reasonable r e t u r n  
frequency and t h e  c o s t  assoc ia ted  w i t h  t h a t  c a p a c i t y .  

I n  a d d i t i o n ,  t o  meet d ischarge q u a l i t y  l i m i t a t i o n s  t h a t  may be s e t  by 
r e g u l a t o r y  agencies, t h e  s to rage and/or sed imenta t ion  f a c i l i t y  may have t o  be 
augmented by added t r e a t m e n t  f a c i l i t i e s .  The f a c i l i t i e s  r e q u i r e d  can range 
f rom t h e  l i m i t s  o f  maximiz ing t h e  s t o r a g e  volume so t h a t  no new t r e a t m e n t  
c a p a c i t y  is r e q u i  red, a11 t h e  way t o  p r o v i  d i  ng s u f  f ic i  e n t  addi  tional t rea tment  
c a p a c i t y  so t h a t  no s to rage i s  requ i red .  However, t h e  optimum from a c o s t  
s t a n d p o i n t  u s u a l l y  f a l l s  somewhere between these t w o  l i m i t s  where s to rage i s  
combined w i t h  a d d i t i o n a l  t reatment .  The optimum combina t ion  occurs where t h e  
sum o f  t h e  c o s t  o f  t h e  r e q u i r e d  s to rage and t r e a t m e n t  f a c i l i t i e s  needed t o  
meet t h e  d ischarge l i m i t a t i o n s  i s  a minimum. 

Produc t ion  Theory Method. Using t h e  economic p r i n c i p l e s  o f  p r o d u c t i o n  theory ,  
a s e r i e s  o f  computat ions can p r o v i d e  an o p t i m i z e d  t o t a l  annual c o s t  f o r  
combinat ions o f  s to rage and t r e a t m e n t  p r o v i d i n g  v a r i o u s  l e v e l s  o f  r u n o f f  
and/or p o l  1u t a n t  c o n t r o l  [3]. A g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h i s  methodology 
i s  g iven  i n  F i g u r e  12. For d i f f e r e n t  combinat ions o f  t r e a t m e n t  r a t e  and 
s to rage c a p a c i t y  (expressed as t h e  depth o f  r u n o f f  con ta ined over  t h e  e n t i r e  
dra inage area) ,  t h e  isoquant  curves i n  F i g u r e  12 r e p r e s e n t  equal degrees of 
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T R E A T M E N T  R A T E ,  i n . / h  

i n .  x 2 . 5 4 =  cm 

F i g u r e  12. D e t e r m i n a t i o n  o f  o p t i m a l  c o m b i n a t i o n  
o f  s t o r a g e  and /o r  t r e a t m e n t  a1 t e r n a t i v e s .  
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t rea tment  (can be expressed i n  terms o f  percent  o f  t h e  r u n o f f  t r e a t e d ,  p e r c e n t  
o f  p o l l u t a n t s  removed, o r  number o f  o v e r f l o w s  p e r  y e a r ) .  I s o c o s t  l i n e s  
represent  s to rage and/or t r e a t m e n t  combinat ions wh ich  may be implemented a t  
t h e  same t o t a l  cos t .  The p o i n t  o f  tangency between an i s o q u a n t  curve  and an 
i s o c o s t  l i n e  represents  t h e  most economical combina t ion  f o r  a g iven  degree o f  
t reatment .  The optimum combinat ion f o r  any degree o f  t r e a t m e n t  can be found 
f rom t h e  "expansion p a t h "  t h r o u g h  a l l  tangent  p o i n t s .  

Storage Volume Determinat ion  Methods 

A common problem found i n  t h e  a n a l y s i s  o f  s tormwater  management o p t i o n s  i s  t o  
determine how var ious  p o s s i b l e  combinat ions o f  s t o r a g e  and/or  sed imenta t ion  
c a p a c i t y  w i l l  a f f e c t  r u n o f f  c o n t r o l .  F o r  example, i n  a combined sewer system 
i t  may be d e s i r a b l e  t o  determine how t h e  e f f e c t i v e n e s s  o f  an e x i s t i n g  
t rea tment  p l a n t  may be improved by p r o v i d i n g  s t o r a g e  ahead o f  t h e  p l a n t .  I n  a 
c u r r e n t l y  unders ized s torm sewer system, i t  m i g h t  be d e s i r a b l e  t o  know how t h e  
f requency o f  f l o o d i n g  migh t  be changed by p r o v i d i n g  v a r i o u s  smal l  amounts o f  
s t o r a g e  on t h e  watershed o r  i n  t h e  p i p e s  themselves by r e g u l a t i n g  devices.  I n  
a new system, i t  may be d e s i r a b l e  t o  know t h e  combina t ion  o f  s to rage and p i p e  
o r  t rea tment  c a p a c i t y  t h a t  w i l l  p r o v i d e  t h e  d e s i r e d  l e v e l  o f  r u n o f f  and 
p o l  1u t  ion c o n t r o l  a t  m i  n i  mum cos t .  

The dimensions o f  such s to rage and/or sed imenta t ion  f a c i l i t i e s  a r e  determined 
by t h e  t y p e  o f  f a c i l i t y  i n v o l v e d .  Depending upon t h e  t y p e  o f  f a c i l i t y  and 
s i z e  o f  t h e  area, a number o f  approach methodologies a r e  a v a i l a b l e  f o r  
d e t e r m i n i n g  t h e  r e q u i r e d  volume. L i s t e d  i n  o r d e r  o f  t h e  e a s i e s t  and s i m p l e s t  
f o r  a smal l  area t o  t h e  most complex f o r  a l a r g e  area w i t h  a complex sewer 
system, t h e  methodologies are :  

0 Desktop hand computat ions 

0 S t a t i s t i c a l  a n a l y s i s  o f  r a i n f a l l  and f l o w  d a t a  

0 Simple, cont inuous s i m u l a t i o n  o f  s tormwater  systems 

0 Deta i  1ed, cont inuous o r  s i n g l e  event s imu l  a t i  on o f  stormwater systems 

The a p p l i c a t i o n  o f  each o f  t h e s e  approaches t o  s t o r a g e  and/or sed imenta t ion  
volume r e q u i  rement determi  n a t i o n  depends upon t h e  s i z e  and c o m p l e x i t y  o f  t h e  
dra inage area and/or sewerage system. F o r  smal l  d r a i n a g e  areas w i th  
uncompl icated sewer systems, t h e  use o f  desktop, hand computat ional  methods 
such as t h e  u n i t  hydrograph approach, r e s e r v o i r  r o u t i n g ,  o r  SWMM Level  I [6] 
f o r  de termin ing  t h e  e f f e c t  o f  s t o r a g e  on t h e  r u n o f f  i s  u s u a l l y  s u f f i c i e n t .  
The desktop a n a l y s i s  approach can be used f o r  l a r g e r  areas when l i m i t e d  
r a i n f a l l  o r  r u n o f f  data a v a i l a b i l i t y  p revents  more d e t a i l e d  a n a l y s i s .  
Whenever p o s s i b l e ,  l o c a l  r a i n f a l l ,  s t reamf low,  o r  sewer f l o w  records  should be 
used t o  v e r i f y  t h e  desktop a n a l y s i s  o r  as i n p u t  f o r  more d e t a i l e d  a n a l y s i s  
methods. I n f o r m a t i o n  on t h e  u n i t  hydrograph and r e s e r v o i r  r o u t i n g  approaches 
i s  a v a i l a b l e  i n  most hydro logy  t e x t s  [7,  81. 
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I n  r e c e n t  years,  mathematical  techniques have been developed t o  reduce t h e  
amount o f  computer work necessary f o r  a n a l y s i s  o f  s tormwater  management 
systems. Methods u s i n g  s t a t i s t i c a l  c h a r a c t e r i z a t i o n  o f  r u n o f f ,  o v e r f l o w ,  and 
p o l l u t i o n  events  f o r  p r e l i m i n a r y  s i z i n g  o f  s to rage and/or sed imenta t ion  
f a c i l i t i e s  f o r  smal l  o r  s imple systems have been developed by D i T o r i o ,  

e t  a l . ,Hydroscience, D r i s c o l l  -- and Howard e t  a l .  [ 9 ,  10, 11, 121. These 
methods develop t h e  r e q u i r e d  s t a t i s t i c a l  i n f o r m a t i o n  f rom h i s t o r i c a l  r a i n f a l l  
d a t a  and present  t h e  l e v e l s  o f  c o n t r o l  es t imated  f o r  v a r i o u s  s to rage and/or  
t r e a t m e n t  combi n a t i o n s .  

More complex systems can be modeled u s i n g  EPAMAC, STORM, o r  SWMM-Version I11 
[13, 14, 151. These a r e  cont inuous s i m u l a t i o n  models. STORM and SWMM-Version 
I11 can a l s o  be used f o r  s i n g l e - e v e n t  storms s i m p l y  by u s i n g  a s h o r t e r  t i m e  
step. The new Storage/Treatment B lock o f  SWMM-Version I 1 1  can be run  w i t h  
most r u n o f f  s i m u l a t o r s  (e.g., EPAMAC, STORM, and SWMM-Version 111). T h i s  
model a l l o w s  t h e  user  t o  i n p u t  t h e  r e q u i r e d  r e l a t i o n s h i p  between s t o r a g e  
volume and o u t f l o w  r a t e  s i m i l a r  t o  t h a t  f o r  a r e s e r v o i r  r o u t i n g  problem. T h i s  
approach, p e r m i t t i n g  t h e  user  t o  bes t  approximate t h e  d e s i r e d  f u n c t i o n a l  
r e l a t i o n s h i p ,  s i m p l i f i e s  t h e  model and a l l o w s  a s i m u l a t i o n  o f  a w i d e r  range o f  
r e s e r v o i r geometr ies and o p e r a t i n g  p o l  ic i  es. Pol  1u t a n t s  a r e  c h a r a c t e r i  zed by 
t h e i r  magnitude ( i .e.,  mass f l o w  and c o n c e n t r a t i o n  and, i f  des i red ,  by 
p a r t i c l e  s i z e  and s p e c i f i c  g r a v i t y  d i s t r i b u t i o n s ) .  D e s c r i b i n g  p o l l u t a n t s  by 
t h e i r  p a r t i c l e  s i z e  and s p e c i f i c  g r a v i t y  d i s t r i b u t i o n  i s  e s p e c i a l l y  
a p p r o p r i a t e  where smal l  o r  1arge p a r t i c l e s  dominate o r  where severa l  s t o r a g e  
and/or t r e a t m e n t  u n i t s  a r e  operated i n  s e r i e s .  Also,  i f  severa l  u n i t s  a r e  
operated i n  s e r i e s ,  t h e  f i r s t  u n i t s  w i l l  remove a c e r t a i n  range o f  p a r t i c l e  
s i z e s  , t h u s  a f f e c t i n g  t h e  p e r f  ormanc'e o f  downst ream u n i t s .  T h i s  model , 
coupled w i t h  s i t e  s p e c i f i c  s e t t l e a b i l i t y  and s o l i d s  c h a r a c t e r i z a t i o n  
i n f o r m a t i o n ,  can be used t o  make a thorough e v a l u a t i o n  and des ign  o f  r e t e n t i o n  
o r  d e t e n t i o n  f a c i l i t i e s .  

Dynamic wave models, such as EXTRAN, may be needed t o  des ign  i n l i n e  s t o r a g e  
systems where s u r c h a r g i n g  and o t h e r  h y d r a u l i c  e f f e c t s  a r e  i m p o r t a n t  [16]. 
T h i s  i s  p r o b a b l y  t h e  most s o p h i s t i c a t e d  channel / p i p e  f l o w  r o u t i n g  model 
a v a i l a b l e  i n  t h e  p u b l i c  domain. 

I n f o r m a t i o n  on numerous r u n o f f  models can be found i n  r e c e n t  EPA r e p o r t s  
[17, 181. These i n c l u d e  ILLUDAS ( I l l i n o i s  Urban Dra inage Area S i m u l a t o r ) ,  
USGS's DR3M, and SOGREAH's CAREDAS. 

Thus, t h e  s i z e  o f  t h e  t r i b u t a r y  area and t h e  complex i ty  o f  t h e  sewer network 
combine t o  determine t h e  d e t a i l  r e q u i r e d  f o r  s i z i n g  and d e s i g n i n g  t h e  s t o r a g e  
and/or sed imenta t ion  f a c i l i t y  requ i red .  

E f f e c t  o f  Storage and/or Sedimentat ion 

To e v a l u a t e  t h e  d i f f e r e n t  s to rage and/or sed imenta t ion  a l t e r n a t i v e s ,  t h e  
e f f e c t  achieved by each a l t e r n a t i v e  must be compared. The t e r m  e f f e c t  can i n  
p r i n c i p l e  be thought  o f  as t h e  degree o f  f u l f i l l m e n t  o f  t h e  goal o r  goa ls  
e s t a b l i s h e d  f o r  t h e  f a c i l i t y .  The e v a l u a t i o n  o f  which t e c h n i c a l  s o l u t i o n  i s  
most advantageous i s  u s u a l l y  a r r i v e d  a t  th rough a c o s t - e f f e c t i v e n e s s  

4 - 1 1  



comparison. Thus, t h e  best  apparent a l t e r n a t i v e  shou ld  be t h e  f a c i l i t y  t h a t  
b o t h  meets t h e  t e c h n i c a l  goal ( s )  e s t a b l i s h e d  and has t h e  l e a s t  cos t .  

THE INTEGRATION PROCESS 

The process o f  i n t e g r a t i n g  stormwater c o n t r o l  i n t o  a p o l l u t i o n  c o n t r o l  system 
i n v o l v e s  i n i t i a l  p l a n n i n g  where e x i s t i n g  f a c i l i t i e s  a r e  i d e n t i f i e d  and goa ls  
a r e  determi  ned. Addi t i onal s teps then invo l  ve s e l  e c t i  ng c o n t r o l  met hods t h a t  
a r e  b o t h  a p p l i c a b l e  and compat ib le  t o  t h e  e x i s t i n g  f a c i l i t i e s  and e s t a b l i s h e d  
goals .  Each o f  t h e  s teps i s  b r i e f l y  descr ibed.  

I d e n t i f y  E x i s t i n g  System and Needs 

The f i r s t  s t e p  i n  t h e  i n t e g r a t i o n  process i s  t h e  i d e n t i f i c a t i o n  o f  e x i s t i n g  
system components and f u n c t i o n .  T h i s  i n f o r m a t i o n  i s  t h e  b a s i s  o f  p l a n  
development and d e t e r m i n a t i o n  of c o n t r o l  metho-ds t h a t  a r e  most a p p r o p r i a t e  f o r  
t h e  system. 

The watershed c h a r a c t e r i s t i c s  and e x i s t i n g  f a c i l i t y  components a r e  examined. 
I n f o r m a t i o n  on t h e  l a n d  uses o f  the watershed(s)  and acreage o f  each i s  used 
t o  e v a l u a t e  t h e  p o t e n t i a l  f o r  development and t o  e s t i m a t e  t h e  r u n o f f  q u a l i t y  
and q u a n t i t y  . 
1 d e n t i . f i c a t i o n  o f  e x i s t i n g  f a c i l i t y  l o c a t i o n ,  f u n c t i o n ,  and c a p a c i t y  i s  
requ i red .  The c o m p a t i b i l i t y  o f  e x i s t i n g  f a c i l i t i e s  w i t h  proposed c o n t r o l  
methods must be determined. The p o t e n t i a l  f o r . r e t r o f i t s  w i th  t h e  e x i s t i n g  
f a c i l i t i e s ,  and whether t h e  e x i s t i n g  f a c i l i t i e s  a r e  i n  s u i t a b l e  c o n d i t i o n  must 
be e s t a b l i s h e d .  Separate s torm and s a n i t a r y  o r  combined sewer l i n e  l o c a t i o n ,  
t r e a t m e n t  f a c i  1it y  types,  and capaci  ties w i  11 s t r o n g l y  in f1uence t h e  1o c a t i  on 
and p o i n t s  o f  i n t e r c o n n e c t i o n  f o r  new f a c i l i t i e s .  

E s t a b l ish Svstem Needs 

A f t e r  i d e n t i f y i n g  t h e  e x i s t i n g  system and c o n d i t i o n s ,  t h e  n e x t  s tep  i s  t o  
e s t a b l i s h  a d d i t i o n a l  f l o o d  and p o l l u t i o n  c o n t r o l  needs. P lans should 
encompass t h e  e n t i r e  urban wastewater c o n t r o l  system i n c l u d i n g  bo th  d r y - and 
wet-weather f a c i l i t i e s ,  and bo th  developed and undeveloped areas. P l a n n i n g  
over  a whole system enables t h e  use o f  a l l  resources a v a i l a b l e .  By examining 
t h e  p o t e n t i a l  f rom undeveloped areas, t h e  system can be p lanned t o  expand and 
accommodate f u t u r e  needs much more e a s i l y .  

I d e n t i f y  A p p l i c a b l e  Cont ro l  A l t e r n a t i v e s  

The engineer  o r  p lanner ,  a t  t h i s  p o i n t  i n  t h e  i n t e g r a t i o n  process, should be 
f a m i l i a r  w i t h  t h e  e x i s t i n g  system and t h e  goals  o f  s tormwater  management. 
A l t e r n a t i v e  c o n t r o l  methods should be examined, on t h e  b a s i s  o f  t h e  t h r e e  
f a c t o r s :  (1) p h y s i c a l  l i m i t a t i o n s ,  ( 2 )  e f fec t i veness ,  and ( 3 )  i n s t i t u t i o n a l  
1i m i t a t i o n s .  

P h y s i c a l  1i m i t a t i o n s  may exc lude some s to rage and/or  sed imenta t ion  methods. 
Steep s lopes o r  e x t e n s i v e  development may prec lude t h e  use o f  r e t e n t i o n  
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ponds. I n  genera l ,  o l d e r  developed areas impose more c o n s t r a i n t s  on t h e  
 
number o f  o p t i o n s  a v a i l a b l e  because t h e  sewer n e t w o r k ( s ) ,  and o t h e r  
 
underground u t i l i t i e s  and s t r u c t u r e s  a re  a l r e a d y  i n  p lace.  The same may a l s o  
 
be t r u e  i n  d e v e l o p i n g  areas, b u t  u s u a l l y  t o  a l e s s e r  e x t e n t .  Land 
 
a v a i  1a b i  j it y  w i  11 a1so 1i m i t t h e  c o n t r o l  method o p t i o n s .  L i m i t e d  1and 
 
a v a i l a b i l i t y  t ends  t o  p r e c l u d e  open ponds, b u t  s to rage  and/or  s e d i m e n t a t i o n  
  
b a s i n s  would be a p p l i c a b l e  because t h e  s t r u c t u r e  c o u l d  be b u i l t  t o  p h y s i c a l l y  
 
suppor t  a second use above it. A l i s t  o f  t h e  more common c o n t r o l  methods and 
 
t h e  p h y s i c a l  s i t u a t i o n s  f a v o r i n g  t h e i r  s e l e c t i o n  a r e  shown i n  Table 8. 
 

Tab le  8. STORAGE AND/OR SEDIMENTATION CONTROL METHOD 
VERSUS FLOW OR QUALITY APPROACH 

Flow a t tenuat ion  Q u a l i t y  improvement 

In-sys tem s to rage  X X 
Rooftop ponds X 
Plaza ponds X 
Parking l o t  ponds X 
Storage/sedimentation basins X X 

Dry de ten t ion / r e t en t ion  ponds X X 
Wet de t en t ion / r e t en t ion  ponds X X 

Major-mi n o r  f looding X 

Note: 	 Flow a t t enua t ion  can be considered t o  provide some q u a l i t y  
improvement through flow reduct ion ,  flow r e d i s t r i b u t i o n ,  and 
po l lu t an t  load r e d i s t r i b u t i o n .  

The c o n t r o l  methods a l s o  va ry  as t o  t h e i r  e f f e c t i v e n e s s  i n  reduc ing  p o l l u t a n t  
c o n c e n t r a t i o n s  and m i t i g a t i n g  s to rm volumes. R e t e n t i o n  ponds f o r  separa te  
s to rm d r a i n a g e  a re  h i g h l y  e f f e c t i v e  f o r  b o t h  f l o w  a t t e n u a t i o n  and p o l l u t a n t  
removal, s i n c e  t h e  f l o w  i s  t o t a l l y  conta ined.  Thus, n e i t h e r  t h e  f l o w  n o r  t h e  
p o l l u t a n t  l o a d  i s  t r a n s m i t t e d  downstream as l o n g  as t h e  a v a i l a b l e  volume o f  
t h e  pond i s  n o t  exceeded. Flow i n  excess o f  t h e  pond c a p a c i t y  i s  d i s c h a r g e d  
t h r o u g h  t h e  o v e r f l o w  s t r u c t u r e  (see F i g u r e  8). Thus, a r e t e n t i o n  pond 
p r o v i d e s  b o t h  f l o w  c o n t r o l  and p o l l u t a n t  r e d u c t i o n  f o r  a l l  f l o w s  i n  excess o f  
pond c a p a c i t y  by a c t i n g  as a s t o r a g e  and sed imen ta t i on  f a c i l i t y  d u r i n g  t h e  
o v e r f l o w  p e r i o d .  

Source c o n t r o l  may be used t o  a t t e n u a t e  s torm f l o w  f o r  b o t h  separa te  s to rm 
d r a i n a g e  and combined sewer systems. It i s  somewhat l e s s  e f f e c t i v e  t h a n  
r e t e n t i o n  ponds f o r  p o l l u t i o n  c o n t r o l  ; t h e  p o l l u t a n t s  remain a v a i l a b l e  f o r  
l a t e r  resuspension and t r a n s p o r t  u n l e s s  t h e y  a r e  p h y s i c a l l y  removed f rom t h e  
source c o n t r o l  f a c i l i t y .  I n  some cases, source c o n t r o l  p r o v i d e s  o n l y  f l o w  
a t t e n u a t i o n  s i n c e  t h e  t o t a l  volume ( i n c l u d i n g  t h e  p o l l u t a n t s )  i s  e v e n t u a l l y  
d i scha rged  t o  t h e  sewer system. Th is  r e d i s t r i b u t e s  t h e  p o l l u t a n t  l o a d  
( r e d u c i n g  shock l o a d s )  and inc reases  t h e  volume t h a t  i s  d i r e c t e d  t o  t rea tmen t .  

In-system and downstream c o n t r o l s  o f f e r  bo th  f l o w  and p o l l u t a n t  mass d i s c h a r g e  
r a t e  a t t e n u a t i o n  f o r  t h e  s to rm f l o w s  d u r i n g  a s to rm event.  I n  separa te  s t o r m  
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dra inage  systems, b o t h  t h e  t o t a l  f l o w  volume and p o l l u t a n t  mass d i scha rged  
remain und im in i shed  s i n c e  t h e  s t o r e d  volume i s  u s u a l l y  d i scha rged  t o  t h e  
r e c e i v i n g  w a t e r  j u s t  as b e f o r e  s to rage  was implemented. Shock l oads  on t h e  
r e c e i v i n g  wa te r  a r e  reduced th rough  r e d i s t r i b u t i o n  o f  t h e  p o l l u t a n t  load.  I f  
t h e  s t o r e d  s tormwater  i s  b l e d  back t o  t h e  s a n i t a r y  sewer f o r  t r e a t m e n t ,  t h e  
f l o w  volume and p o l l u t a n t  l o a d  r e a c h i n g  t h e  r e c e i v i n g  wa te r  a r e  reduced. 

I n  combined sewer systems, in-system and downstream c o n t r o l s  p r o v i d e  
a t t e n u a t i o n  and r e d u c t i o n  f o r  b o t h  f l o w  and p o l l u t a n t  loads.  D u r i n g  a s to rm 
event ,  t h e  s t o r a g e  and/or sed imen ta t i on  f a c i l i t i e s  p r o v i d e  f l o w  and p o l l u t a n t  
mass d i s c h a r g e  r a t e  a t t e n t u a t i o n .  F o l l o w i n g  a storm, t h e  f l o w  and p o l l u t a n t s  
rema in ing  i n  s t o r a g e  a r e  re leased  t o  t h e  sewer o r  i n t e r c e p t o r  f o r  t r a n s p o r t  t o  
t h e  t r e a t m e n t  p l a n t  f o r  process ing.  The p o l l u t a n t s  rema in ing  i n  s t o r a g e  a t  
t h e  end o f  a s to rm event a re  u s u a l l y  more than  j u s t  t hose  a s s o c i a t e d  w i t h  t h e  
f l o w  volume r e t a i n e d  due t o  t h e  sed imen ta t i on  t h a t  occurs d u r i n g  s torage.  
Thus, t h e  p o l l u t a n t  l o a d  r e d u c t i o n  r e s u l t i n g  f rom s to rage  d u r i n g  t h e  s torm 
event  may be much g r e a t e r  t h a n  t h e  f l o w  r e d u c t i o n  f o r  t h a t  same event.  

The e f f e c t i v e n e s s  o f  t h e  v a r i o u s  s to rage  and/or sed imen ta t i on  c o n t r o l  methods 
i s  shown i n  Tab le  9. 

Table 9. STORAGE AND/OR SEDIMENTATION CONTROL METHOD 
VERSUS PHYSICAL AND EFFECTIVENESS LIMITATIONS 

E f f e c t i v e n e s s  

P h y s i c a l  / env i ronmen ta l  F1ow Qua1ity  

In -sys tem s t o r a g e  E x t r a  c a p a c i t y  must  be P r o p o r t i o n a l  t o  Some, f o r  combined 
p r e s e n t  i n l i n e  o r  o f f l i n e  c a p a c i t y  a v a i  1a b l e  sewer systems* 

Roo f top  ponds F l a t  r o o f  s t r u c t u r e s  Yes f o r  peak ing  f l o w s  Some, f o r  combined 
sewer systems 

P l a z a  ponds Land a rea  f o r  development Yes f o r  peak ing  f l o w s  Some, f o r  combined 
sewer systems 

P a r k i n g  l o t  ponds Pub1ic inconven ience  Yes f o r  peak ing  f l o w s  Some, i f  s t r e e t  sweeping 
program i n  e f f e c t  

S to rage /  Land use c o n f l i c t s  P o t e n t i a l l y  h i g h  Yes--up t o  60% SS 
s e d i m e n t a t i o n  b a s i n s  depending on mode o f  removal ;  o t h e r  parameters 

o p e r a t i o n  v a r y  

D r y  r e t e n t i o n  ponds La rge  space requ i remen t ,  Yes, 100% Yes, 100% 
f l a t  t e r r a i n  

Wet r e t e n t i o n  ponds Large space requ i remen t  Yes, 100% Yes, 100% 

Dry d e t e n t i o n  ponds Large space requ i remen t ,  Yes f o r  peak ing  f l o w s  Yes--up t o  60% SS 
f l a t  t e r r a i n  removal ; o t h e r  parameters 

v a r y  

Wet d e t e n t i o n  ponds Large space requ i remen t ,  Yes f o r  peak ing  f l o w s  Yes--up t o  60% SS 
f l a t  t e r r a i n  removal ;  o t h e r  parameters 

v a r y  

*Some q u a l i t y  improvement f o r  s e p a r a t e  s t o r m  sewer systems where t h e  s t o r e d  s t o r m  r u n o f f  i s  b l e d  
back i n t o  t h e  s a n i t a r y  sewer system f o r  conveyance t o  a t r e a t m e n t  f a c i l i t y .  

The t h i  r d  f a c t o r  de te rm i  n i  ng appl  ic a b i  1it y  invo l  ves i n s t i t u t i o n a l  
l i m i t a t i o n s .  The means o f  implementat ion,  o p e r a t i o n ,  maintenance, and 
f i n a n c i a l  suppor t  a r e  c r u c i a l  t o  t h e  a p p l i c a b i l i t y  o f  a management system. 
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The i n s t i t u t i o n a l  a u t h o r i t y  must e x i s t  t o  ensure t h e  imp lementa t ion  o f  t h e  
system and cont inued system opera t ion .  

Funding f o r  implementat ion,  opera t ion ,  and maintenance must be secured. An 
i n s t i t u t i o n a l  o r g a n i z a t i o n  must e x i s t  t o  c o l l e c t  funds, impose fees, o r  make 
o t h e r  necessary f i n a n c i a l  arrangements. I f  t h e  c o s t  i s  t o  be borne by 
developers,  then t h e  l e g a l  and enforcement a u t h o r i t y  must e x i s t  t o  c o n f i r m  
t h a t  t h e  c o n t r o l  methods a r e  app l ied .  

Determine Cont ro l  Method C o m p a t i b i l i t y  

Once t h e  a p p l i c a b l e  c o n t r o l  methods a r e  i d e n t i f i e d ,  t h e  f i n a l  s tep  i n  t h e  
i n t e g r a t i o n  process i s  t o  assess t h e  process c o m p a t i b i l i t y .  Process q u e s t i o n s  
in c l  ude (1) which c o n t r o l  methods have compat ib l  e t r e a t m e n t  methods, ( 2 )  w i  11 
c a p a c i t y  o f  e x i s t i n g  t rea tment  be exceeded due t o  i n s t a l l a t i o n  o f  c o n t r o l  
method, and ( 3 )  i s  t h e  method f l e x i b l e  f o r  use i n  o t h e r  t r e a t m e n t  process 
t r a i n s .  

Cont ro l  method c o m p a t i b i l i t y  w i t h  t rea tment  processes i s  an i m p o r t a n t  
c o n s i d e r a t i o n  o f  t h e  i n t e g r a t i o n  process. A chemical  t r e a t m e n t  process t h a t  
c o u l d  upset  a b i o l o g i c a l  process should n o t  be used ahead o f  t h e  l a t t e r .  
Also, p re t rea tment  requirements f o r  t h e  f u n c t i o n i n g  o f  some processes must be 
i n c o r p o r a t e d  i n t o  a system and cou ld  be p a r t  o f  s tormwater  t rea tment  
f a c i l i t i e s .  

F l e x i b i l i t y  o f  d r y - and wet-weather f a c i l i t i e s  i n  e i t h e r  combined sewer o r  
separate s to rm dra inage systems can t a k e  advantage o f  t h e  wet-weather 
f a c i l i t i e s  as a p re t rea tment  process f o r  dry-weather  f lows,  o r  as a standby i n  
case of dry-weather  f a c i l i t y  f a i l u r e .  Wet-weather f a c i l i t i e s  migh t  a l s o  be 
used as an e f f l u e n t  p o l i s h i n g  s tep  d u r i n g  dry weather.  

Another i m p o r t a n t  c o m p a t i b i l i t y  c o n s i d e r a t i o n  i s  t h e  e f f e c t  o f  s ludge 
g e n e r a t i  on by t h e  stormwater management c o n t r o l  methods. From a p o l  1u t i  on 
c o n t r o l  s tandpo in t ,  t h e  s ludge r e s u l t i n g  f rom t h e  use o f  s t o r a g e  and/or  
sed imenta t ion  f a c i l i t i e s  should be removed, whenever p o s s i b l e ,  f rom basins,  
ponds, o r  p i p e  networks where i t  f i r s t  s e t t l e s  t o  p r e v e n t  i t s  resuspension and 
t r a n s p o r t  downstream. Th is  would reduce t h e  s o l i d s  mass l o a d  downstream on 
e i t h e r  a d d i t i o n a l  s to rage and/or sed imenta t ion  f a c i l i t i e s  o r  t h e  r e c e i v i n g  
water.  From a p r a c t i c a l  s tandpo in t ,  t h i s  may c r e a t e  a massive l o g i s t i c a l  
problem o f  p r o v i d i n g  access, s ludge removal equipment, and t r a n s p o r t a t i o n  f o r  
t h e  s ludge removed. I n  most cases, i t  i s  most economical t o  resuspend t h e  
s e t t l e d  m a t t e r  and d ischarge it t o  t h e  s a n i t a r y  o r  combined sewer f o r  
t r a n s p o r t  t o  t h e  dry-weather t rea tment  p l  a n t  where s l  udge c o l  1e c t  ion, 
process ing,  and d i  sposal equipment a1 ready e x i  s t  p r o v i d i n g  t h a t  t h e r e  i s  
s u f f i  c i e n t  c a p a c i t y  t o  hand1e t h e  a d d i t i o n a l  suspended s o l  i d s .  Onsi t e  removal 
o f  s ludge i s  u s u a l l y  p r a c t i c e d  o n l y  a t  l a r g e ,  l i n e d  open bas ins  where easy 
access f o r  s ludge removal equipment i s  prov ided.  An i n t e g r a t e d  f a c i l i t y  must 
i n c l u d e  t r a n s p o r t a t i o n  and process ing  o f  t h e  s o l i d s  ( e i t h e r  o n s i t e  o r  o f f s i t e )  
i n  t h e  o v e r a l l  p lan.  
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D E S I G N  PROCEDURE FOR COMBINED SEWER SYSTEMS 

The main s teps  t o  be f o l l o w e d  i n  t h e  des ign  procedure f o r  combined sewer 
systems a r e  ( 1 )  problem i d e n t i f i c a t i o n ,  ( 2 )  da ta  needs, ( 3 )  d e t e r m i n a t i o n  o f  
t h e  p o l l u t i o n  load,  ( 4 )  i d e n t i f i c a t i o n  o f  t h e  p o l l u t a n t  removal o b j e c t i v e s ,  
( 5 )  c o n t r o l  o p t i m i z a t i o n ,  ( 6 )  p o l l u t a n t  budget a n a l y s i s ,  ( 7 ) ’  o p e r a t i n g  
s t r a t e g y  f o r  design, and (8 )  i n s t r u m e n t a t i o n  and c o n t r o l  s t r a t e g y  f o r  
opera t ion .  Dur ing  t h e  des ign  procedure,  s p e c i f i c  c o n s i d e r a t i o n  must be g i v e n  
t o  s l  udge/res i  dual  s removal and d i  sposal f rom t h e  f a c i  1i ties t h a t  p r o v i d e  
s torage,  sedimentat ion,  o r  both. 

Problem I d e n t i f i c a t i o n  

The i n v e s t i g a t i o n  o f  stormwater d ischarges i s  concerned w i t h  two d i f f e r e n t  
t y p e s  o f  p o l l u t e d  f lows- -separa te  stormwater r u n o f f  f rom s to rm sewers o r  
d ra inage channels, and combined sewer o v e r f l o w s  f r o m  sewers c o n t a i  n i  ng b o t h  
s to rm r u n o f f  and s a n i t a r y  sewage. However, t h e  problems a s s o c i a t e d  w i t h  t h e s e  
d ischarges can be i d e n t i f i e d  as ( 1 )  q u a n t i t y  o f  f l o w ,  and ( 2 )  q u a l i t y  o f  
f low.  Before  t h e  des ign  procedure can proceed, i t  i s  necessary t o  i d e n t i f y  
t h e  problem as e i t h e r  f l o w  r e l a t e d ,  q u a l i t y  r e l a t e d ,  o r  both.  

Flow. 
 Flow problems a r e  u s u a l l y  i d e n t i f i e d  w i t h  f l o o d i n g  and f l o o d  damage. -
T h i s  can be streams o v e r t o p p i n g  t h e i r  banks, r u n o f f  exceeding t h e  c a p a c i t y  o f  
  
s u r f a c e  dra inage channels o r  combined sewer i n l e t s ,  f l o o d i n g  of basements, o r  
f l o o d i n g  o f  s t r e e t s  and sur face areas due t o  s u r c h a r g i n g  o f  combined sewers. 

Q u a l i t y .  Over f lows f rom combined sewers can produce s e r i o u s  p o l l u t i o n  of 
1o c a l  waterways and r e c e i  v i  ng water  bodies.  The surcharged sewers o f t e n  s p i  11 
t h e i r  con ten ts  i n t o  s t r e e t s ,  highway. underpasses, and basements of 
b u i l d i n g s .  This  r e s u l t s  i n  f l o o d i n g ,  p o l l u t i o n ,  h e a l t h  t h r e a t s ,  
inconvenience, and economic l o s s e s  assoc ia ted  t h e r e w i t h .  The magnitude of t h e  
p o t e n t i a l  e f f e c t s  r e s u l t i n g  f rom CSOs was presented  e a r l i e r  i n  Table 3. 

Data Needs 

Comprehensive master p l a n n i n g  i s  r e q u i r e d  t o  ach ieve  t h e  goa ls  and o b j e c t i v e s  
o f  urban combined sewer o v e r f l o w  c o n t r o l .  It i s  most i m p o r t a n t  t o  ga ther  
s u f f i c i e n t  da ta  so t h e  number o f  i t e r a t i o n s  r e q u i r e d  f o r  t h e  p l a n n i n g  and 
des ign  o f  f a c i l i t i e s  i s  minimized. I n f o r m a t i o n  r e l a t i n g  t o  h i s t o r i c ,  
e x i s t i n g ,  and f u t u r e  l a n d  use; b a s i c  hydro logy ( i n c l u d i n g  r a i n f a l l ,  r u n o f f ,  
vegeta t ion ,  s o i l s ,  and i n f i l t r a t i o n ) ;  d ischarge c a p a c i t i e s  o f  e x i s t i n g  
f a c i l i t i e s ;  impacts  on a d j a c e n t  p r o p e r t i e s ;  e v a l u a t i o n  o f  t h e  e x i s t i n g  
problems; and d e t a i l s  o f  e x i s t i n g  master  p lans  f o r  t h e  area a r e  needed. 
A l t e r n a t i v e s  can be developed o n l y  a f t e r  a n a l y z i n g  t h e  c o l l e c t e d  data. 

R a i n f a l l .  The des ign o f  combined sewer systems i s  u s u a l l y  based on 
p r e c i p i t a t i o n  events  hav ing  a s t a t i s t i c a l  f requency o f  occurrence.  I n  t h e  
past ,  s t a t i s t i c a l  r a i n f a l l  i n t e n s i t y - d u r a t i o n - f r e q u e n c y  r e l a t i o n s h i p s  were 
used t o  s i z e  t h e  sewers and s t o r a g e  f a c i l i t i e s .  T h i s  approach r e s u l t e d  i n  
s i z i n g  f o r  peak f lows b u t  d i d  n o t  account f o r  t h e  e f f e c t s  of s h o r t  i n t e r v a l s  
between storms o r  uneven a r e a l  r a i n f a l l  d u r i n g  storms. The use o f  i n t e n s i t y -
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duration-frequency re1 ationships should be avoided except f o r  i n i t i a l  rough-
c u t  estimates.  

The s iz ing of combined sewers, storage f a c i l i t i e s ,  and sedimentation 
f a c i l i t i e s  should be based on a continuous h is tor ica l  or synthesized r a i n f a l l  
record t h a t  i s  typical of any long-term r a i n f a l l  record. The actual 
h i s tor ica l  records selected may be based on the hourly i n t e n s i t y ,  storm 
durat ion,  t o t a l  r a i n f a l l  for  the storm, or any combination of these.  

For example, r a i n f a l l  character izat ion analyses r u n  on h is tor ica l  hourly
r a i n f a l l  records f o r  San Francisco periods of 70 years  ( f u l l  h i s tor ica l  
record) ,  4 years  (October 1971 through April 19751, and 4 months (October 1972 
through January 1973) resul ted i n  remarkably cons is ten t  r e s u l t s  [19]. These 
r e s u l t s  are  shown i n  Figures 13, 1 4 ,  and 15, f o r  storm magnitude, i n t e n s i t y ,
and duration versus frequency, respect ively.  In a l l  cases ,  the 4-month record 
correlated well w i t h  the f u l l  70 years  of record. Thus ,  the use of the 4­
month record permitted the preliminary screening of a la rge  number of 
a1 t e r n a t i v e s  ( s torage  volume and treatment plant  capaci ty)  while using only a 
modest i n p u t  of project  funds ,  time, and labor. These shorter  periods were 
judiciously selected a f t e r  de ta i led  review o f  the f u l l  70 years  of record. 
The purpose of these se lec t ions  was t o  minimize the computer time and cos t  
associated w i t h  evaluating the a1 terna t ives  f o r  storage and treatment capaci ty
combinations. 
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Figure 13. Storm magnitude versus frequency. 
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R a i n f a l l  d a t a  are available from the N a t i o n a l  Weather Service (NWS). 
A d d i t i o n a l  l o c a l  ra infa l l  d a t a  may be avai lable  from municipal sources,  local 
f l o o d  control o r  w!ter d i s t r i c t s ,  or u t i l i t i e s .  

Flow Records. To accurately assess e i t h e r  the f l o w  or the q u a l i t y  problem (or
b o t h ) ,  i f  i t  i s  necessary t o  know w h a t  problem or problems were caused by the 
f l o w .  Use o f  h i s tor ica l  f l o w  records, when matched w i t h  the appropriate 
r a i n f a l l  d a t a ,  can show w h a t  problems are  caused, when they occur, a n d  where 
they occur ( i . e . ,  surcharging of sewers, f l o o d i n g  o f  basements, overflowing a t  
p u m p i n g  s t a t i o n s ,  e t c . ) .  

Dry-weather f l o w  records are needed t o  determine t h e  diurnal f l o w  a n d  q u a l i t y  
var ia t ions .  T h e  stormwater carrying c a p a c i t y  of t h e  combined sewer a t  any time 
c a n  be f o u n d  by subtracting the dry-weather f l o w  from the maximum c a p a c i t y  of 
the sewer. The p o l l u t a n t  mass l o a d  i n  the dry-weather f l o w  a t  any time must b e  
added t o  the p o l l u t a n t  l o a d  i n  a n y  stormwater present t o  determine the t o t a l  
mass l o a d  or t h e  concentration o f  the t o t a l  f l o w  a t  t h a t  time. 

Wet-weather f l o w  records are needed t o  determine t h e  runoff coef f ic ien ts  f o r  
the t r i b u t a r y  area,  the response o f  the sewer system t o  various r a i n f a l l s ,  a n d  
the e f f e c t  of  the storm f l o w  on p o l l u t a n t  loads ( i . e . .  f i r s t  f l u s h  phenomenon).
I t  i s  important t o  know the flow response t o  various r a i n f a l l  events so t h a t  
the  e f f e c t s  on  the sewer system o f  a design storm o r  a par t icu lar  s e r i e s  o f  
h i s tor ica l  storms c a n  be predicted.  I n  most cases ,  the wet-weather f l o w  d a t a  
avai lable  cover o n l y  a small portion o f  the time f o r  which h is tor ica l  r a i n f a l l  
d a t a  are a v a i l a b l e .  

Drainaqe Area Character is t ics .  The drainage area c h a r a c t e r i s t i c s  influence t h e  
volume of  f l o w  a n d  the ra te  of  runoff from the t r i b u t a r y  area.  Pertinent 
p h y s i c a l  c h a r a c t e r i s t i c s  of  drainage areas t h a t  a f f e c t  b o t h  the volume a n d  r a t e  
o f  stormwater runoff include topography, l a n d  use, p o p u l a t i o n  densi ty ,  geology 
a n d  so i l s ,  a n d  s ize .  

The topography can  a f f e c t  the r a i n f a l l  patterns ( i . e . .  a d d i t i o n a l  r a infa l l  due 
t o  orographic l i f t i n g )  as well as t h e  ra te  o f  runoff. The runoff r a t e  i s  
usually increased as the slope o f  t h e  ground increases .  

The d i s t r i b u t i o n  a n d  types o f  l a n d  use w i t h i n  the drainage area can great ly
a f f e c t  the runoff. Usually, as the p o p u l a t i o n  density increases ,  so does the 
percentage o f  imperviousness i n  the drainage area.  The percentage of  
imperviousness c a n  be affected by the type o f  l a n d  use a lso ( i  . e . ,  parks a n d  
recrea t iona l ,  s t r e e t s  a n d  highways, i n d u s t r i a l ,  commercial, a n d  r e s i d e n t i a l ) .  
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Whi le  t h e  s i z e  o f  t h e  dra inage area a lone does n o t  de termine t h e  r u n o f f  volume 
and r a t e ,  i t  can have a g r e a t  e f f e c t  on them. The r u n o f f  volume, on a u n i t  
area bas is ,  i s  determined by t h e  o t h e r  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  area 
f o r  any g iven r a i n f a l l  event. However, t h e  t o t a l  r u n o f f  volume i s  determined 
by t h e  u n i t  area r u n o f f  and t h e  s i z e  o f  t h e  area. The r a t e  o f  r u n o f f  i s  a l s o  
a f f e c t e d  by t h e  s i z e  o f  t h e  area. U s u a l l y  t h e r e  i s  some a t t e n u a t i o n  o f  t h e  
r u n o f f  r a t e  as t h e  dra inage area inc reases  caused by a t t e n u a t i o n  o f  t h e  runof f  
 
f l o w  by t r a v e l  t i m e  and by a r e a l  d i s t r i b u t i o n  o f  t h e  r a i n f a l l .  I n  l a r g e  
 
areas, t h e  r a i n f a l l  may n o t  be u n i f o r m  over  t h e  e n t i r e  area (i.e., 
 
thunders to rm c e l l s ) ,  thus  produc ing  a r e l a t i v e  r e d u c t i o n  i n  r a i n f a l l  i n t e n s i t y  
  
f o r  t h e  whole area. 
 

The geology and s o i l s  a f f e c t  t h e  r u n o f f  a lso.  The depth,  p o r o s i t y ,  and t y p e  
o f  m a t e r i a l  determine t h e  r a i n f a l l  s to rage c a p a c i t y  b e f o r e  s u r f a c e  r u n o f f  
occurs.  The antecedent c o n d i t i o n s  (i.e., t i m e  s i n c e  l a s t  r a i n f a l l ,  s o i l  
s a t u r a t i o n ,  e tc . )  a l s o  a f f e c t  t h e  r u n o f f  r a t e  and volume. The t y p e  o f  s o i l  
has a g r e a t  e f f e c t  on t h e  amount o f  suspended s o l i d s  t h a t  i s  con ta ined i n  t h e  
r u n o f f .  Cohesi on1ess s o i  1s u s u a l l y  c o n t r i b u t e  more t o  t h e  suspended s o l  i d s  
l o a d  i n  t h e  r u n o f f  than do cohesive s o i l s .  

Suspended S o l i d s  C h a r a c t e r i z a t i o n .  I n  a d d i t i o n  t o  t h o s e  s o l i d s  normal ly  f o u n d  
i n  s a n i t a r y  sewage, combined sewer over f lows c o n t a i n  s o l i d s  washed i n t o  t h e  
sewer system f rom urban roadways and l a n d  areas. H igh  f l o w r a t e s  i n  t h e  sewers 
d u r i n g  s torm events  resuspend s o l i d s  depos i ted  i n  t h e  l i n e s ,  adding a d d i t i o n a l  
suspended s o l i d s  ( g e n e r a l l y  g r i t  and sand) t o  t h e  s o l i d s  load.  A 
c h a r a c t e r i z a t i o n  o f  t h e  suspended s o l i d s ,  i n c l u d i n g  f l o a t a b l e s ,  i n  t h e  f l o w  i s  
necessary t o  determine o r  e s t i m a t e  t h e  s e d i m e n t / f l o a t a b l e s  removal r e s u l t i n g  
f rom s t o r a g e  o r  sed imenta t ion  f a c i l i t i e s  i n  t h e  system o r  proposed f o r  t h e  
system. 

Stormwater f rom d i f f e r e n t  1o c a t i  ons general  l y  has e x t r e m e l y  v a r y i n g  
p r o p e r t i e s .  Among t h e  f a c t o r s  t h a t  a r e  of s i g n i f i c a n c e  are:  

0 The p o l l u t a n t  c o n t e n t  o f  t h e  combined sewage 

0 The p r o p o r t i o n  o f  e a s i l y  s e t t l i n g  p o l l u t a n t s  

0 The p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  t h e  combined sewage 

0 The p a r t i c l e  volume d i s t r i b u t i o n  i n  t h e  combined sewage 

0 The d e n s i t y  o f  t h e  combined sewage p a r t i c l e s  

Wi th  regard  t o  sedimentat ion o f  combined sewage, i t  i s  m a i n l y  t h e  c o n t e n t  of 
suspended m a t e r i a l  i n  t h e  water  which i s  o f  i n t e r e s t .  Other  p o l l u t a n t s  (such 
as BOD, heavy metals,  e tc . )  t h a t  may be bound w i t h  t h e  suspended m a t e r i a l  t h a t  
i s  s e t t l e a b l e  can be removed d u r i n g  s to rage o r  sed imenta t ion .  Therefore, it 
i s  i m p o r t a n t  t o  i d e n t i f y  those f r a c t i o n s  o f  t h e  p o l l u t a n t s  bound t o  t h e  
s e t t l e a b l e  s o l i d s  so t h a t  t h e  e f f e c t i v e n e s s  o f  s e d i m e n t a t i o n  on o v e r a l l  
p o l l u t a n t  removal can be est imated.  The remainder o f  t h e  p o l l u t a n t s  w i l l  be 
i n c l u d e d  i n  t h e  supernatant.  The c o n t e n t  o f  suspended m a t e r i a l  i n  t h e  
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combined sewage should be a t  l e a s t  75 t o  100 mg/L f o r  sedimentation t o  be 
use fu l ;  sedimentation i s  o f  v i r t u a l l y  no value when the suspended s o l i d s  
concen t ra t i on  i s  below 20 mg/L 111. 

The heavier  suspended m a t e r i a l  can represent  a q u i t e  s i g n i f i c a n t  p a r t  o f  t he  
t o t a l  p o l l u t i o n  conten t  o f  combined sewage. The t ime requ i red  f o r  s e t t l i n g ’  
ou t  the  coarsest  p o l l u t a n t s  ranges up t o  j u s t  a few minutes. The l i m i t i n g  
value f o r  t he  separat ion o f  the  coarser s o l i d s  i n  t h e  combined sewage should 
be s e t  a t  5 minutes. This w i l l  i nc lude p a r t i c l e s  i n  the sand range and 
1arger. 

The p a r t i c l e  s ize  d i s t r i b u t i o n  i n  d i f f e r e n t  stormwaters has a s i g n i f i c a n c e  on 
the  sedimentation p roper t i es  o f  the  suspended sol ids. For combined sewage 
t h a t  has f i r s t  undergone a coarse separat ion as described above, the  m a j o r i t y  
o f  the  remaining suspended s o l i d s  p a r t i c l e s  are usua l l y  found i n  the  5 t o  
7 5  p n  range. The number o f  p a r t i c l e s  i s  l a r g e s t  i n  the 10 t o  25 Fm i n t e r v a l .  
The number o f  p a r t i c l e s  l a r g e r  than 40 pn i s  o f ten  smal ler  than 10 per  mL [l]. 

To est imate how l a r g e  a q u a n t i t y  o f  the p o l l u t a n t s  w i l l  be separated o u t  by 
sedimentation, t he  dens i t y  o f  the  p a r t i c l e s  must be known. While data i n  the  
l i t e r a t u r e  are sparse and con t rad i c to ry ,  t y p i c a  values t h a t  have b en 
repor ted  are i n  the  range o f  68.6 t o  81.1 l b / f t 3 (1100 t o  1300 kg/m5) C201. 

The suspended s o l i d s  should be charac ter ized  by bo th  p a r t i c l e  s ize  
d i s t r i b u t i o n  and densi ty .  The p a r t i c l e  s i ze  d i  s t r l b u t i o n  can be determined 
from a s ieve  ana lys is  o f  the  suspended so l ids .  The spec i f i c  weight o f  the  
p a r t i c l e s  must a l so  be determined. A s e t t l i n g  column can be used t o  determine 
t h e  s e t t l  i n g  c h a r a c t e r i s t i c s  o f  t h e  suspended sol i d s .  The procedure and 
equipment f o r  s e t t l i n g  column t e s t s  are described by Dalrymple, e t  al., and 
Pisano, e t  a1 . C21, 221. 

C o l l e c t i o n  System. The c o n f i g u r a t i o n  o f  the  c o l l e c t i o n  system w i l l  determine 
where storage o r  sedimentation f a c i l i t i e s  can be located.  The s i z e  and s lope 
o f  the  p ipes  have an e f f e c t  on the  use of the  p ipes fo r  i n l i n e  storage. The 
diameter o f  the  p ipe w i l l  1i m i t  t h e  volume per 1 inear  f o o t  o f  p ipe  t h a t  can b e  
stored; t he  slope of the p ipe  w i l l  determine the l e n g t h  o f  p ipe a v a i l a b l e  t o  
p rov ide  storage w i thou t  exceeding any surcharge 1i m i t a t i o n s  a t  t he  c o n t r o l  
p o i n t .  The slope a lso  determines the  f low v e l o c i t y  which a f f e c t s  the  shear 
fo rces  on s o l i d s  p a r t i c l e s .  Th is  a f f e c t s  the suspension o r  resuspension o f  
the  p a r t i c l  es. 

The o v e r a l l  l eng th  o f  pipes and the  p ipe dens i t y  w i t h i n  an area a1 so determine 
the p o t e n t i a l  volume t h a t  can be s to red  from any c o n t r o l  p o i n t  w i t h i n  t h e  
system. The longer  the  pipes are  and the h igher  the  number o f  p ipes per u n i t  
area, t h e  more volume i s  a v a i l a b l e  fo r  storage a t  any g iven p ipe  slope. 

The c o n f i g u r a t i o n  o f  the  sewer system a f f e c t s  the  f l owra te  and t ime of t r a v e l  
w i t h i n  the  system. For a g iven u n i t  area, the f l owra te  increases and t h e  
t r a v e l  t ime decreases as the  number o f  branches increase p rov id ing  the sewer 
slope remains the same. 
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The t y p e  and l o c a t i o n  o f  o v e r f l o w  s t r u c t u r e s  o r  f l o w  r e g u l a t o r s  o r  b o t h  a l s o  
a f f e c t  t h e  i n l i n e  s to rage c a p a c i t y  o f  a c o l l e c t i o n  system. Any s t o r a g e  
downstream o f  an o v e r f l o w  s t r u c t u r e  w i l l  be l i m i t e d  by t h e  depth t o  which f l o w  
can be s t o r e d  b e f o r e  t h e  l e v e l  r i s e s  t o  t h e  e l e v a t i o n  o f  t h e  over f low.  I n l i n e  
  
s t o r a g e  downstream o f  a r e g u l a t o r  must be l i m i t e d  so t h a t  t h e  backwater f rom 
 
t h e  s to rage does n o t  a f f e c t  t h e  o p e r a t i o n  o f  t h e  r e g u l a t o r .  
 

E x i s t i n g  pumping s t a t i o n s  can be used t o  c o n t r o l  i n l i n e  s t o r a g e  upstream o f  
 
t h e  pumping s t a t i o n .  The s torage can be e f f e c t e d  by c o n t r o l l i n g  t h e  number o f  
  
pumps o p e r a t i n g  a t  any g iven t ime. The f l o w  can be s t o r e d  u n t i l  t h e  h y d r a u l i c  
 
grade 1ine u p s t  ream reaches a predetermined 1eve1 ( o v e r f  1ow e l  e v a t i  on, 
 
basement l e v e l ,  maximum surcharge on a s l u i c e  gate,  e tc . )  t h a t  w i l l  n o t  cause 
 
a e s t h e t i c  o r  economic problems. I f  a pumping s t a t i o n  i s  used f o r  s t o r a g e  
 
c o n t r o l ,  t h e  s t a t i o n  pumping c a p a c i t y  must be s u f f i c i e n t  t o  pump any f l o w  
 
r e q u i  red  t o  p revent  problems upstream. 
 

Determine Pol  1u t i  on Load 
 

Most analyses o f  p o l l u t a n t  c o n c e n t r a t i o n  measure t h e  t o t a l  q u a n t i t y  b u t  do n o t  
 
d i s t i n g u i s h  between s o l u b l e  and p a r t i c u l a t e  f r a c t i o n s .  Sedimentat ion 
  
computat ions a r e  based on t h e  p a r t i c u l a t e  o r  s e t t l e a b l e  f r a c t i o n  ( t h i s  shou ld  
 
a l s o  i n c l u d e  f l o a t a b l e s  s ince  they  are  removed by skimming as p a r t  o f  t h e  
  
sed imenta t ion  process) .  However, o v e r a l l  removal e f f i c i e n c y  is expressed i n  
 
terms o f  t o t a l  q u a n t i t i e s  o f  p o l l u t a n t ,  which i s  t h e  most r e l e v a n t  way t o  
 
express r e s u l t s  f o r  c o n t r o l  d e c i s i o n s  and forms t h e  b a s i s  f o r  r e p o r t i n g  
 
observed r e s u l t s  t o  be used f o r  comparison w i th  computat ions.  
  

Therefore,  it i s  necessary t o  determine t h e  f r a c t i o n  o f  t h e  t o t a l  
 
c o n c e n t r a t i o n  o r  l o a d  which i s  s e t t l e a b l e .  T h i s  i s  most c o n v e n i e n t l y  done by 
 
d e t e r m i n i n g  t h e  f r a c t i o n  o f  p o l l u t a n t  a s s o c i a t e d  w i t h  each o f  severa l  ranges 
  
o f  p a r t i c l e  s e t t l i n g  v e l o c i t i e s  and combining t h e  r e s u l t s  t o  o b t a i n  t h e  
 
o v e r a l l  removal. It i s  a l s o  i m p o r t a n t  t o  know t h e  s o l u b l e  f r a c t i o n  o f  
 
p o l l u t a n t  f o r  reasons t h a t  a r e  d iscussed below. 
 

The e f f e c t i v e n e s s  o f  any s to rage o r  sed imenta t ion  f a c i l i t y  cannot be e s t i m a t e d  
 
un less  t h e  p o l l u t i o n  loads  e n t e r i n g  t h e  f a c i l i t y  a r e  known. T h i s  r e q u i r e s  
 
knowledge o f  t h e  var ious  p o l l u t a n t s  i n  t h e  combined sewage as w e l l  as t h e  t ime 
  
v a r i a t i o n  o f  t h e  mass l o a d i n g  o f  these p o l l u t a n t s .  The p o l l u t a n t s  o f  most 
 
common i n t e r e s t  a r e  BOD and suspended s o l i d s .  However, o t h e r  p o l l u t a n t s  of 
 
i n t e r e s t  u s u a l l y  i n c l u d e  one o r  more o f  t h e  f o l l o w i n g :  v o l a t i l e  suspended 
 
s o l i d s ;  COD; v a r i o u s  forms o f  n i t r o g e n ;  phosphorus, b o t h  t o t a l  and 
 
orthophosphate;  heavy metals,  p a r t i c u l a r l y  1ead; and t o t a l  and f e c a l  
 
c o l i f o r m s .  
  

Some o f  these p o l l u t a n t s  a re  most f r e q u e n t l y  adsorbed o n t o  t h e  suspended 
 
s o l i d s  r a t h e r  than be ing  i n  t h e  d i s s o l v e d  form. Thus, i t  i s  necessary t o  
 
determine whether t h e  p o l l u t a n t s  of i n t e r e s t  i n  any p a r t i c u l a r  s tudy a r e  
  
a s s o c i a t e d  w i t h  t h e  suspended s o l i d s ,  d isso lved,  o r  both. I f  t h e  p o l l u t a n t s  
  
o f  i n t e r e s t  a r e  adsorbed onto t h e  suspended s o l i d s ,  i t  i s  necessary t o  
  
determine t h e  f r a c t i o n s  assoc ia ted  w i t h  t h e  s e t t l e a b l e  s o l i d s  and t h e  
 
c o l l o i d a l  s o l i d s .  This  i n f o r m a t i o n  i s  needed t o  de termine whether any removal 
 
w i l l  be a f fec ted  by use o f  s to rage o r  sed imenta t ion  f a c i l i t i e s .  
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The d e t e r m i n a t i o n  o f  t h e  p o l l u t a n t  l o a d  can bes t  be accomplished t h r o u g h  a 
s i t e - s p e c i f i c  sampl ing program. The sampl ing program should be developed t o  
c h a r a c t e r i z e  t h e  q u a l i t y  o f  b o t h  t h e  dry-weather  f l o w  and t h e  combined sewage 
d u r i n g  wet weather f o r  t h e  predes ign  o f  an abatement program. The p o l l u t a n t  
va lues a r e  a combinat ion o f  t h e  s a n i t a r y  sewage p o l l u t a n t  c o n c e n t r a t i o n s  and 
t h e  stormwater r u n o f f  p o l l u t a n t  c o n c e n t r t i o n s ,  S i t e  s p e c i f i c  c o n c e n t r a t i o n s  
t h a t  r e s u l t  f rom t h i s  m i x t u r e  depend on t h e  q u a l i t y  o f  t h e  two base f l o w s  and 
t h e i r  p r o p o r t i o n a l  mix. 

I d e n t i f y  P o l l u t a n t  Removal O b j e c t i v e s  

Once t h e  p o l l u t a n t  loads are  known, t h e  p o l l u t a n t  removal o b j e c t i v e s  can be 
i d e n t i f i e d .  The removal o b j e c t i v e s  should be s e l e c t e d  i n  c o n j u n c t i o n  w i t h  t h e  
problem i d e n t i f i e d ,  q u a n t i t y  o f  f l o w  o r  q u a l i t y  o f  f l o w  o r  both, and t h e  
p o l  1u t a n t  1oadi  ngs. 

I f  t h e  pr ime o b j e c t i v e  i s  s t o r a g e  (i.e., f l o o d  c o n t r o l ,  f l o w r a t e  c o n t r o l ,  
etc.) ,  t h e  f a c i l i t y  should be designed p r i m a r i l y  f o r  s torage.  However, s i n c e  
t h e r e  i s  sed imenta t ion  assoc ia ted  w i t h  any s t o r a g e  f a c i l i t y ,  t h e  s e d i m e n t a t i o n  
cannot be ignored. A means f o r  removing o r  resuspending t h e  s e t t l e d  s o l i d s  
must be i n c o r p o r a t e d  i n t o  t h e  design. Otherwise, t h e  s o l i d s  would c o n t i n u e  t o  
b u i l d  up over  t i m e  and reduce t h e  e f f e c t i v e n e s s  o f  t h e  s torage.  

I f  t h e  major  o b j e c t i v e  i s  t h e  removal o f  a p o l l u t a n t  t h a t  i s  p r i m a r i l y  
a s s o c i a t e d  w i t h  t h e  s e t t l e a b l e  s o l i d s ,  t h e  f a c i l i t y  should be designed as a 
sed imenta t ion  f a c i l i t y  t o  maximize t h e  removal o f  t h e  s e t t l e a b l e  s o l i d s .  If 
t h e  pr ime o b j e c t i v e  i s  t h e  removal o f  a p o l l u t a n t  t h a t  i s  d i s s o l v e d  o r  
assoc ia ted  w i t h  t h e  c o l l o i d a l  s o l i d s  t h a t  do n o t  s e t t l e ,  t h e  f a c i l i t y  shou ld  
be designed t o  maximize t h e  s t o r a g e  volume. I n  b o t h  cases, any s e t t l e d  s o l i d s  
can be removed a t  t h e  s to rage o r  sed imenta t ion  f a c i l i t y  l o c a t i o n  o r  t h e y  can 
be conveyed t o  a t rea tment  p l a n t  f o r  removal. The volume o f  f l o w  remain ing  i n  
t h e  s t o r a g e  o r  sedimentat ion f a c i l i t y  a f t e r  a s t o r m  event should be conveyed 
t o  a t r e a t m e n t  p l a n t  f o r  t r e a t m e n t  b e f o r e  d ischarge.  

C o n t r o l  O p t i m i z a t i o n  

The o b j e c t i v e  o f  any combined sewer over f low c o n t r o l  system shou ld  be t o  
maximize t h e  e f f e c t i v e n e s s  o f  t h e  c o n t r o l  system by produc ing  t h e  maximum 
d e s i r e d  e f f e c t  f o r  t h e  funds a v a i l a b l e .  The d e s i r e d  e f f e c t  can be t h e  
r e d u c t i o n  o f  a s i n g l e  parameter ( i  .e., o v e r f l o w  f requency,  o v e r f l o w  volume, 
p o l l u t a n t  mass, e tc . )  o r  t h e  r e d u c t i o n  o f  any combina t ion  o f  parameters. I n  
any case, t h e  d e s i r e d  e f f e c t  must be i d e n t i f i e d  and s e l e c t e d  p r i o r  t o  
o p t i m i z a t  on o f  t h e  c o n t r o l  s t r a t e g y ,  

The s teps i n v o l v e d  i n  t h e  o p t i m i z a t i o n  o f  t h e  c o n t r o l  s t r a t e g y  are :  

e e l e c t  t h e  d e s i r e d  e f f e c t ( s )  

0 	 I d e n t i f y  l o c a t i o n ( s )  and c a p a c i t y ( i e s )  f o r  s to rage o r  sed imenta t ion  
o r  bo th  
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0 I d e n t i f y  l o c a t i o n ( s )  and c a p a c i t y ( i e s )  f o r  t r e a t m e n t  f a c i l i t i e s  

0 	 I d e n t i f y  t h e  cos ts  assoc ia ted  w i t h  each s torage,  sed imenta t ion ,  and 
t rea tment  f a c i  1it y  I 

0 	 Evaluate t h e  e f f e c t  o f  changes i n  t h e  number and s i z e  o f  t h e  v a r i o u s  
f a c i l i t i e s  upon t h e  c o s t  o f  t h e  c o n t r o l  s t r a t e g y  

I d e n t i f y  L o c a t i o n ( s )  f o r  Storage. The maximum s i z e  and t h e  l o c a t i o n  of each 
e x i s t i n g  o r  proposed storage f a c i l i t y  must be determined. For  any g iven s i t e ,  
t h e r e  i s  a maximum storage volume t h a t  can be p h y s i c a l l y  accommodated. 
However, any s m a l l e r  s to rage o r  sed imenta t ion  f a c i l i t y  can be accommodated. 
The s t o r a g e  o r  sedimentat ion o r  b o t h  can be developed t h r o u g h  source c o n t r o l ,  
in-system f a c i l i t i e s ,  downstream f a c i l i t i e s ,  o r  any combina t ion  o f  t h e s e  
f a c i l i t i e s .  

I d e n t i f y  Treatment L o c a t i o n ( s ) .  The maximum s i z e  and l o c a t i o n  of each 
e x i s t i n g  o r  p o t e n t i a l  t rea tment  f a c i l i t y  must be i d e n t i f i e d .  The s i z e  f o r  any 
t r e a t m e n t  f a c i l i t y  can vary downward f rom t h e  i d e n t i f i e d  maximum. Treatment 
can be p r o v i d e d  a t  e x i s t i n g  p l a n t s ,  expanded e x i s t i n g  p l a n t s ,  s a t e l l i t e  
p l a n t s ,  o r  any combinat ion o f  these f a c i l i t i e s .  

Cost Ana lys is .  The cos t  i d e n t i f i e d  f o r  t h e  s torage,  sed imenta t ion ,  and 
t r e a t m e n t  f a c i l i t i e s  should i n c l u d e  b o t h  c a p i t a l  and o p e r a t i o n  and maintenance 
costs .  A range o f  cos ts  f o r  each f a c i l i t y  shou ld  be determined based on c o s t  
p e r  u n i t  o f  s to rage volume, p e r  u n i t  o f  p o l l u t a n t  removed, p e r  u n i t  of 
o v e r f l o w  volume reduced, o r  p e r  u n i t  o f  t r e a t m e n t  c a p a c i t y  as i s  a p p r o p r i a t e  
f o r  t h e  p a r t i c u l a r  f a c i l i t y .  

O p t i m i z a t i o n .  The e f f e c t  o f  t h e  v a r i a t i o n  o f  s i z e  o r  c a p a c i t y  o f  t h e  
i n d i v i d u a l  f a c i l i t y  on t h e  e n t i r e  system c o s t  should be determined. The 
combinat ion o f  s torage,  sedimentat ion,  and t r e a t m e n t  f a c i l i t i e s  t h a t  p r o v i d e s  
t h e  g r e a t e s t  e f f e c t i v e n e s s  f o r  t h e  acceptab le  c o s t  can be i d e n t i f i e d  as 
d e s c r i b e d  p r e v i o u s l y  i n  t h i s  s e c t i o n  under Cost O p t i m i z a t i o n  Methodology. 

Pol  1u t a n t  Budget A n a l y s i s  

To determine t h e  o v e r a l l  e f f e c t i v e n e s s  o f  a s t o r a g e  and/or sed imenta t ion  
f a c i l i t y ,  i t  i s  necessary n o t  o n l y  t o  determine t h e  f r a c t i o n  o f  any s p e c i f i c  
p o l l u t a n t  t h a t  i s  r e t a i n i e d  i n  t h e  f a c i l i t y ,  o r  removed as a r e s u l t  o f  t h e  
f a c i l i t y ,  b u t  a l s o  t o  determine t h e  t i m i n g  o f  t h e  removal. I n  o t h e r  words, it 
i s  necessary t o  know when and where t h e  removal occurs.  A p o l l u t a n t  budget 
a n a l y s i s  i s  s imp ly  a means o f  keeping t r a c k  o f  t h e  mass o f  p o l l u t a n t  t h a t  i s  
a s s o c i a t e d  w i t h  t h e  r e s i d u a l s  (sediment)  and w i t h  t h e  supernatan t  ( o v e r f l o w  o r  
d ischarge) .  It i s  necessary t o  know n o t  o n l y  t h a t  t h e  p o l l u t a n t  mass i n f l o w  
i s  equal t o  t h e  sum o f  t h e  p o l l u t a n t  mass i n  t h e  r e s i d u a l  and t h e  supernatant ,  
b u t  a l s o  t h e  t i m e  r e l a t i o n s h i p  among masses. 

Residuals .  The sediment remain ing i n  a s t o r a g e  o r  sed imenta t ion  f a c i l i t y  
depends on t h e  p a r t i c l e  s i z e  and d e n s i t y  d i s t r i b u t i o n  as w e l l  as t h e  p a r t i c l e  
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volume d i s t r i b u t i o n .  It i s  i m p o r t a n t  t o  know t h e  t i m e  r e l a t i o n s h i p  o f  t h e  
r e s i d u a l s  accumulat ion t o  determine whether i t  i s  necessary t o  c o n t i n u e  t h e  
sed imenta t ion  o p e r a t i o n  o r  whether t h e  f l o w  can be passed on downstream 
 
unt rea ted .  It i s  p o s s i b l e  f o r  t h e  sediment d i s t r i b u t i o n  th roughout  t h e  s t o r m  
 
t o  be such t h a t  most o f  t h e  r e a d i l y  s e t t l e a b l e  m a t e r i a l  i s  i n c l u d e d  d u r i n g  t h e  
 
e a r l y  p a r t  o f  t h e  storm. Therefore,  t h e  l a t e r  p o r t i o n  o f  t h e  f l o w  may be 
 
passed on u n t r e a t e d  w i t h o u t  s e r i o u s  e f f e c t  on t h e  downstream r e c e i v i n g  water .  
 

S p e c i f i c  p o l l u t a n t s  o f  i n t e r e s t  may be assoc ia ted  w i t h  a s p e c i f i c  p a r t i c l e  
 
s i z e l d e n s i t y  o r  s e t t l i n g  v e l o c i t y  range. The e f f e c t  o f  sed imenta t ion  on t h i s  
 
p a r t i c l e  range must be determined so t h e  e f f i c a c y  o f  sed imenta t ion  f o r  removal  
 
o f  t h e  p o l l u t a n t s  can be est imated.  
 

Supernatant.  The supernatant  ( t r e a t e d  d ischarge o r  o v e r f  1ow) w i  11 c o n t a i n  a 
 
p o r t i o n  o f  t h e  p o l l u t a n t  a lso.  The e f f e c t i v e n e s s  o f  s to rage o r  sed imenta t ion  
  
on p o l l u t a n t  removal i s  determined by t h e  r a t i o  of t h e  mass o f  t h e  p o l l u t a n t  
 
removed t o  t h e  t o t a l  mass o f  t h e  p o l l u t a n t  i n c l u d e d  i n  t h e  f low.  
 

Thus, t h e  p o l l u t a n t  budget a n a l y s i s  i s  a t i m e - r e l a t e d  mass balance f o r  t h e  
 
p o l l u t a n t  o r  p o l l u t a n t s  of i n t e r e s t .  
  

Opera t ing  S t r a t e g y  f o r  Design 
 

A t  t h i s  p o i n t ,  i t i s  necessary t o  determine an o p e r a t i n g  s t r a t e g y  f o r  t h e  
 
combined sewer o v e r f l o w  c o n t r o l  f a c i l i t i e s .  The a l t e r n a t i v e s  f o r  t h e  p h y s i c a l  
 
l a y o u t  o f  t h e  f a c i l i t i e s  must be s e l e c t e d  ( b o t h  l o c a t i o n s  and s i z e s ) ,  t h e  
  
p o l l u t a n t  budget analyzed and r e f i n e d ,  and an o p t i m i z a t i o n  a n a l y s i s  
 
performed. Th is  i s  necessary t o  i d e n t i f y  t h e  apparent  b e s t  a l t e r n a t i v e .  
 

Layout A l t e r n a t i v e s .  The l o c a t i o n  o f  a l t e r n a t i v e  s to rage o r  sed imenta t ion  or 
 
combinat ion f a c i l i t i e s  must be s e l e c t e d  so t h a t  a manageable number o f  
 
a l t e r n a t i v e s  can be evaluated.  The f a c i l i t i e s  shou ld  be eva lua ted  based on 
 
modular s i z e s  t o  f a c i l i t a t e  t h e  e v a l u a t i o n  process. The f a c i l i t i e s  can be 
 
i n d i v i d u a l  f a c i l i t y  l o c a t i o n s  o r  combinat ions o f  l o c a t i o n s .  The e n t i r e  
 
combined sewer c o l l e c t i o n  system and t r e a t m e n t  f a c i l i t i e s  should be i n c l u d e d  
 
i n  t h e  a n a l y s i s .  
 

Pol 1u t a n t  Budget Ana lys i  s Ref inement . The p o l  1u t a n t  budget must be reana lyzed 
 
f o r  t h e  most a t t r a c t i v e  a l t e r n a t i v e s  t o  determine whether t h e y  meet t h e  
 
d e s i r e d  goal f o r  p o l l u t a n t  removal. T h i s  i s  necessary t o  a s s i s t  i n  t h e  
 
o p t i m i z a t ion e v a l  u a t  ion. 
 

O p t i m i z a t i o n .  The c o s t s  a s s o c i a t e d  w i t h  each f a c i l i t y  i n  t h e  combined sewer 
 
o v e r f l o w  c o n t r o l  system a r e  used t o  determine t h e  apparent bes t  a l t e r n a t i v e .  
 
The o p t i m i z a t i o n  should determine t h e  a l t e r n a t i v e  t h a t  p r o v i d e s  t h e  g r e a t e s t  
  
d e s i r e d  b e n e f i t  f o r  t h e  l e a s t  c o s t  as l o n g  as t h a t  c o s t  i s  l e s s  than t h e  
 
economic l i m i t  e s t a b l i s h e d  f o r  t h e  p r o j e c t .  It may be necessary t o  run 
  
th rough an i t e r a t i o n  process t o  determine t h e  optimum p r o j e c t .  
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I n s t r u m e n t a t i o n  and Cont ro l  S t r a t e g y  f o r  Opera t ion  

A means o f  c o n t r o l l i n g  t h e  s to rage o r  sed imenta t ion  f a c i l i t y ( s )  must a l s o  be 
i d e n t i f i e d .  This  should i n c l u d e  i d e n t i f i c a t i o n  o f  t h e  i n s t r u m e n t s  f o r  c o n t r o l  
as w e l l  as a c o n t r o l  s t r a t e g y .  A v a r i e t y  o f  i n s t r u m e n t s  and c o n t r o l  
s t r a t e g i e s  a r e  a v a i l a b l e .  These can i n c l u d e  m o n i t o r i n g  o p a c i t y ,  use o f  r a d a r  
t o  m o n i t o r  r a i n f a l l ,  es tab l i shment  o f  a r u l e  curve  f o r  o p e r a t i o n ,  o r  remote 
c o n t r o l  f rom another  1ocat  ion. 

Opaci ty .  The o p a c i t y  o f  t h e  f l o w  i n  a combined sewer can be used t o  c o n t r o l  
f l o w  i n t o  o r  ou t  o f  a s to rage o r  sed imenta t ion  f a c i l i t y .  F o r  example, as t h e  
o p a c i t y  o f  t h e  sewer f l o w  increased as a r e s u l t  o f  i n c r e a s e d  suspended s o l i d s  
c o n c e n t r a t i o n s  due t o  stormwater, t h e  f l o w  can be d i r e c t e d  i n t o  a s t o r a g e  
f a c i l i t y .  L a t e r ,  as t h e  o p a c i t y  decreases when t h e  s t o r m f l o w  becomes more 
d i l u t e ,  t h e  f l o w  i n t o  t h e  s to rage f a c i l i t y  can be s topped and t h e  f l o w  
d i r e c t e d  on downst ream. 

Opac i ty  can be used i n  sedimentat ion f a c i l i t i e s  t o  c o n t r o l  sediment removal 
r a t e s  o r  chemical a d d i t i o n s .  Chemicals can be added t o  improve t h e  sediment 
removal. 

Radar. Radar i s  p r e s e n t l y  used t o  m o n i t o r  t h e  l o c a t i o n  and i n t e n s i t y  o f  
r a i n f a l l  d u r i n g  storms. Radar may be used t o  h e l p  de termine t h e  b e s t  s t r a t e g y  
f o r  sequencing o p e r a t i o n  o f  s to rage o r  sed imenta t ion  f a c i l i t i e s  on a r e a l - t i m e  
bas is .  Radar can be used t o  p r o v i d e  dec is ion-making i n f o r m a t i o n  f o r  
c o n t r o l l i n g  t h e  drawdown o f  s to rage o r  sed imenta t ion  f a c i l i t i e s  p r i o r  t o  t h e  
a r r i v a l  o f  a s torm o r  between a s e r i e s  o f  storms. Radar i s  n o t  p r e s e n t l y  u s e d  
as t h e  s o l e  c o n t r o l  f o r  t h e  o p e r a t i o n  o f  any s p e c i f i c  combined sewer o v e r f l o w  
o r  separa te  s torm sewer s to rage or sed imenta t ion  f a c i l i t y  o r  f a c i l i t i e s .  

Remote C o n t r o l .  Remote c o n t r o l  o f  combined sewer o v e r f l o w  f a c i l i t i e s  i s  
common now. It i s  n o t  necessary t o  s t a f f  each f a c i l i t y  as l o n g  as enough d a t a  
f o r  d e c i s i o n  making a r e  t r a n s m i t t e d  f rom t h e  f a c i l i t y  s i t e  t o  t h e  manned 
c o n t r o l  l o c a t i o n .  The o p e r a t i o n  o f  t h e  s t o r a g e  o r  s e d i m e n t a t i o n  f a c i l i t y  can 
be mon i to red  o r  c o n t r o l l e d  f rom t h e  remote l o c a t i o n .  A t y p i c a l  example of 
t h i s  i s  t h e  combined sewer o v e r f l o w  r e g u l a t o r  c o n t r o l  a t  S e a t t l e .  A s e r i e s  of 
r e g u l a t o r s  l o c a t e d  th roughout  t h e  c i t y  a r e  c o n t r o l l e d  f rom a c e n t r a l  l o c a t i o n ,  

Rule Curve. C o n t r o l  f a c i l i t i e s  can be operated on t h e  b a s i s  o f  a r u l e  c u r v e  
e s t a b l i s h e d  f rom p r e v i o u s  exper ience. A t y p i c a l  example o f  t h i s  i s  t h e  use o f  
a programmed process c o n t r o l  1er.  A s e r i e s  of c o n t r o l  f u n c t  ions a r e  t r iggered 
based on a p r e v i o u s l y  e s t a b l i s h e d  t i m e  sequence o r  l i q u i d  l e v e l .  I n  t h i s  
case, t h e  o p e r a t i o n  o f  t h e  f a c i l i t y  i s  t h e  same each t i m e  i t  i s  a c t i v a t e d .  A 
r u l e  curve  i s  used most o f t e n  f o r  remote f a c i l i t i e s .  

The c o s t  o f  a combined sewer o v e r f l o w  c o n t r o l  o r  t r e a t m e n t  f a c i l i t y  ( s t o r a g e ,  
sedimentat ion,  o r  b o t h )  i s  a f f e c t e d  by t h e  c o s t  o f  t h e  i n s t r u m e n t a t i o n  and t h e  
c o n t r o l  s t r a t e g y  se lected.  T h i s  cos t  must be i n c o r p o r a t e d  i n t o  t h e  
o p t i m i z a t i o n  process. 

4 - 2 6  
  



DESIGN PROCEDURE FOR SEPARATE STORM SEWER SYSTEMS 

The main steps t o  be fol lowed i n  the  design procedure fo r  separate storm sewer 
systems are ( 1 )  problem i d e n t i f i c a t i o n ,  ( 2 )  data needs, ( 3 )  determinat ion o f  
the p o l l u t i o n  ,load, ( 4 )  i d e n t i f i c a t i o n  o f  the f l o o d  c o n t r o l  and p o l l u t a n t  
removal ob jec t ives ,  ( 5 )  con t ro l  op t im iza t ion ,  (6) p o l l u t a n t  budget ana lys is ,  
and ( 7 )  operat ing s t ra tegy  f o r  design. 

Problem I d e n t i f i c a t i o n  

As w i t h  combined sewer systems, the  problems associated w i t h  separate storm 
sewer systems f a l l  i n t o  two categor ies:  ( 1 )  q u a n t i t y  o f  f low,  and ( 2 )  q u a l i t y  
o f  the flow. It i s  a lso  poss ib le  t h a t  the problem i s  r e l a t e d  t o  a combination 
o f  the  two categories. 

Quanti ty . F1ow probl ems are usual 1y identi f ied w i  t h  f l ooding and flood 
damage. Increased urban development upstream o f  e x i s t i n g  storm sewers may 
c o n t r i b u t e  increased stormwater f lows t h a t  exceed the  capac i t y  o f  the  e x i s t i n g  
sewers. This i s  usua l ly  t h e  r e s u l t  o f  inc reas ing  the  impermeable area w i t h i n  
the  watershed. Flooding o f  s t ree ts ,  pub1 i c  areas, and b u i l d i n g s  may r e s u l t  
from the increased flow. Receiving streams may f l o o d  a lso  as a r e s u l t  o f  the  
increased stormwater r u n o f f .  

Qua1ity. Urban development can in t roduce many add i t i ona l  pol 1u tan ts  t o  the 
T f E E Z i t e r .  Examples o f  the  p o l l u t a n t s  may inc lude waste engine o i l  dmped 
i n t o  catchbasins, p a i n t s  and so lvents ,  add i t i ona l  suspended sol ids ,  and 
f l o a t a b l e s  ( b o t t l e s ,  cans, Styrofoam conta iners,  etc.) .  These p o l l u t a n t s  may 
c rea te  problems w i t h i n  the storm sewer system by s e t t l i n g  and c rea t i ng  
r e s t r i c t i o n s  o r  they can c rea te  problems i n  the  r e c e i v i n g  water. 

Data Needs 

' 	 Comprehensive master p lanning i s  requ i red  t o  achieve the goa ls  and ob jec t i ves  
o f  urban s t o m a t e r  cont ro l .  The data needed f o r  t h e  comprehensive p lann ing  
i n c l  ude 1and use, bas ic  hydro1ogy ( i n c l  uding r a i n f a l l  , r u n o f f ,  vegetat ion,  
s o i l s ,  and i n f i l t r a t i o n  r a t e s ) ,  storm sewer c o n f i g u r a t i o n  and capac i t ies ,  
impacts on adjacent p roper t ies ,  eva lua t ion  o f  e x i s t i n g  problems, and d e t a i l s  
o f  any e x i s t i n g  master plans. A1 t e r n a t i v e s  can be developed on ly  a f t e r  
ana lys i s  o f  the c o l l e c t e d  data. 

R a i n f a l l .  Storm sewers are  t y p i c a l l y  designed based on p r e c i p i t a t i o n  events 
hav ing  a s t a t i s t i c a l  frequency o f  occurrence. Th is  i s  the same as fo r  
combined sewers. The in fo rma t ion  needed i s  the same as t h a t  described 
p rev ious l y  f o r  combined sewers i n  t h i s  section. 

Flow Records. As w i t h  combined sewers, bo th  dry-weather and wet-weather f l ow  
in fo rmat ion  i s  needed. However, the primary emphasis i s  on dry-weather 
f low. Dry-weather f low records w i l l  i d e n t i f y  the base f l o w  from i n f i l t r a t i o n  
and i n f l o w s  (basement sump discharges, coo l i ng  water, sur face drainage, etc.) 
t h a t  1i m i t s  the capaci ty  o f  t he  storm sewer f o r  conveyance o f  the storm 
f lows. It i s  a lso necessary t o  determine the  capac i t y  a v a i l a b l e  i n  san i ta ry  
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sewers i f  s tored f lows are t o  be b led  i n t o  the s a n i t a r y  sewer f o r  conveyance 
t o  an e x i s t i n g  treatment p lan t .  

Drainage Area Charac ter is t i cs .  The c h a r a c t e r i s t i c s  p rev ious l y  i d e n t i f i e d  f o r  
combined sewer systems a lso apply t o  separate storm sewer systems. These 
i n c l  ude topography, 1and use, geology and s o i l  s ,  and s i  ze. 

Suspended Sol ids Character izat ion.  The need f o r  suspended s o l i d s  
c h a r a c t e r i z a t i o n  o f  the  stormwater i n  separate storm sewers i s  s i m i l  a r  t o  t h a t  
f o r  combined sewer overflows. The procedure and a p p l i c a t i o n  should be the  
same as described prev ious ly  f o r  combined sewage. 

C o l l e c t i o n  System. The con f igu ra t i on  o f  the  c o l l e c t i o n  system w i l l  determine 
where storage o r  sedimentation f a c i l  i t i e s  can be located.  In-system storage 
i s  b e s t  accomnodated where. pipes are l a r g e  and r e l a t i v e l y  f l a t .  In1 ine  and 
o f f 1  i n e  storage can be loca ted  throughout the  c o l l e c t i o n  system. 

Discharge and regu la to r  l oca t i ons  can be used t o  c o n t r o l  f l ow  t o  storage o r  
sedimentation f a c i l i t i e s .  Addi t ional  c o n t r o l s  may be requ i red  t o  d i r e c t  f l ow  
i n t o  o r  discharge f l ow  from f a c i l i t i e s  a t  these l o c a t i o n s .  

E x i s t i n g  pumping s t a t i o n s  can be used t o  e f f e c t  storage w i t h i n  e x i s t i n g  storm 
sewers by ad jus t i ng  the  pump operat ion cont ro ls .  Pumping s t a t i o n s  can be used 
t o  d i r e c t  se lected f low t o  a storage f a c i l i t y  o r  d i r e c t  a l l  f l ow  t o  a 
sedimentation f a c i l  ity. Discharge from a storage f a c i l  it y  can be c o n t r o l  1ed 
by a pumping s t a t i o n  a1 so. 

Determine Pol 1u t i o n  Load 

The need t o  determine the p o l l u t i o n  load f o r  separate storm sewer systems i s  
' the same as f o r  combined sewer systems as described prev ious ly .  

Since the  p a r t i c l e  s i ze  d i s t r i b u t i o n  and the p a r t i c l e  volume d i s t r i b u t i o n  do 
n o t  remain constant  du r ing  the  r u n o f f  process, i t  i s  necessary t o  determine 
the  t y p i c a l  change of these fac to rs  w i t h  time. Th is  i s  t r u e  n o t  on l y  f o r  
suspended s o l i d s  b u t  a lso  f o r  any o ther  p o l l u t a n t s  o f  i n t e r e s t  t h a t  are 
associated w i t h  the  suspended so l ids .  The change o f  p o l l u t a n t  l o a d  w i t h  t ime 
w i l l  determine whether storage o f  a c e r t a i n  volume o f  r u n o f f  o r  sedimentation 
f o r  the  e n t i r e  runof f  w i l l  be most e f f e c t i v e  i n  removing the  des i red  
p o l l u t a n t s .  I f  several p o l l u t a n t s  are o f  concern, a combination o f  storage 
and sedimentation may be necessary depending on the p o l l u t a n t  l oad  v a r i a t i o n  
w i t h  time. 

I d e n t i f y  Flood Control and Pol 1u t a n t  Removal Object ives 

A t  t h i s  po in t ,  i t  i s  necessary t o  i d e n t i f y  the  f l o o d  con t ro l  o r  p o l l u t a n t  
removal ob jec t i ves  o r  bo th  t o  be used f o r  design. Storage o r  sedimentation 
f a c i l i t i e s  can be used no t  on l y  f o r  p o l l u t a n t  removal b u t  a l so  f o r  f l o o d  
c o n t r o l .  
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Flood Control Only. If flood control i s  the only objective,  storage would be 
used rather t h a n  sedimentation. The storage could be onsi te ,  in-system, 
i n 1  ine,  off1 ine, downstream, or any combination thereof. The f a c i l i t i e s  would 
be designed s t r i c t l y  for flood control and the pollutant removal t h a t  occurs 
when storage i s  used would be simply accepted. 

Dual Purpose. When the pollutant loads are known, the decision can be made to  
incorporate pollutant removal as a stragegy i n t o  the control facil i t i e s .  In 
t h i s  case, the design of the f a c i l i t i e s  is  such tha t  both flow control  and 
sedimentation are included. However, the two are not necessarily weighted 
equally. The overriding design concern may be flood control ,  b u t  w i t h  the 
maximum sedimentation possible consistent w i t h  the flood control need. 

I f  a dual need i s  identified,  i t  i s  also possible t o  r e t r o f i t  existing storage 
of flood control faci l  i t i e s  to  improve pol 1u t a n t  removal. Innovative designs 
may be necessary to  e f f ec t  improved pollutant removal i n  existing flood 
control f a c i l i t i e s .  

New f a c i l i t i e s  can be designed while maximizing both the flood control and 
pollutant removal objectives. 

Control O D t i m i  zation 

The objective of any separate storm sewer control system should be t o  maximize 
the effectiveness of the control system by producing the greatest  desired 
e f f ec t  for the funds available. The desired e f f ec t  i s  the objective(s1 
identified i n  the previous section. The steps involved are essent ia l ly  the 
same as those described i n  the Combined Sewer section. 

Identify Sources of Storage. The storage can be centralized or dispersed 
throughout the separate storm sewer system. I t  can be onsite before i t  ever 
enters the sewer system, in-system as online or of f l ine  storage, or downstream 
just before discharge to  the receiving water. 

Identify Treatment Locations. Treatment 1ocations of the pollutants removed 
i n  storage or sedimentation f a c i l i t i e s  must be ident i f ied.  The sediment 
removed from the s t o r m  flow can be discharged to the sanitary sewer for  
conveyance to  existing dry-weather water pol 1ution control pl an t s  for 
treatment and disposal. Another option i s  to have a dual-use treatment p l a n t
t ha t  handles both dry- and wet-weather flow. Such dual-use f a c i l i t i e s  are  
usually new treatment faci l  i t i e s  or expansions of existing dry-weather 
treatment f a c i l i t i e s .  

Cost Analysis. The cost  analysis procedure i s  the same as described for the 
combined sewer overflow control. 

Optimization. The e f f ec t  on the cost  and pollutant removal s of the v a r i a t i o n s  
i n  the size and location of the various f a c i l i t i e s  should be determined. For 
the funds available,  the locations and s izes  of the required f a c i l i t i e s  i s  
optimized to  provide the greatest  effectiveness. 
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Pol 1 utant Budget Analysis 

To determine the overall effectiveness of the flood control and sediment 
removal f a c i l i t i e s ,  i t  i s  necessary t o  perform a pollutant budget analysis. A 
mass balance of the residuals ( so l id s )  i n  storage during both dry and wet 
periods i s  needed. This i s  necessary so t h a t  the pollutant loadings on both 
the treatment f a c i l i t i e s  and the receiving water can be determined. The 
treatment f a c i l i t i e s  must be able t o  handle the sol ids  d u r i n g  an after-the-
storm event. Those sol ids incl ude any deposited by dry-weather flow i n  the 
storm sewer as well as those from the storm flows. 

I f  an objective i s  to minimize the pollutant loading on the receiving water, 
any sediment removal facil  i t i e s  must not have accumulations of dry-weather 
pollutants t h a t  could mix w i t h  the storm flow t o  produce a greater pollutant 
concentration in the outflow from the storage or sedimentation f a c i l i t y  than 
would have occurred i f  the stormwater were allowed to pass untreated. 

The pollutant budget analysis may ac t  a s  a modifier t o  the flood control 
design i f  pollutant removal i s  a major objective. In other words, the design 
of the f a c i l i t y  for pollutant removal may take precedent over the flood 
control design c r i t e r i a .  

Operating Strategy for  Design 

I t  i s  necessary t o  determine an operating strategy for the design of the 
separate storm sewer control f a c i l i t i e s .  As w i t h  the combined sewer overflow 
control f a c i l i t i e s ,  the a1 ternatives for  the physical layout of the f a c i l i t i e s  
must be selected (both locations and s i z e s ) ,  the pollutant budget  analyzed and 
refined, and an optimization analysis performed. If necessary, this may be an 
i t e r a t ive  process to  determine the apparent best a1 ternative for 
imp1 ementation. 

RETROFITTING OF EXISTING FLOOD CONTROL FACILITIES 

Temporary storage i s  one of the most comnonly applied flood control 
techniques. Many existing flood control detention f a c i l i t i e s  may be modified 
t o  enhance pollution control of the stormwater as well. 

The most common flood control f a c i l i t i e s  i n  the United States  are  wet and dry
ponds [23]. In many cases, the pond i s  not designed to maximize the potential 
for  pollutant removal while acting as a flood control f a c i l i t y .  However,
often i t  i s  possible to r e t r o f i t  such f a c i l i t i e s  so tha t  they serve as both 
flood control and pollutant removal f a c i l i t i e s .  Toward tha t  end i t  i s  
important t h a t  the detention time be maximized; horizontal velocity gradients,  
ver t ical  velocity gradients, and turbulence near the in l e t  and ou t l e t  be 
minimized; and access be provided for  removal of sediment and f loa tab le  
debris. Pollutant removal i n  a flood control pond or f a c i l i t y  i s  most often 
accompl ished by sedimentation; however, biological action and adsorption i n  
the soil resulting from percolation and i n f i l t r a t i o n  can a1 so remove 
pol 1utants. 
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To promote effect ive sedimentation i n  a flood control facil  i t y ,  the fol l  owing 
design features should be incorporated C21: 

1 .  	  Length:width ra t io  greater than 2: l  where the length i s  the s t ra ight  
l i ne  distance between inflow and outf low.  

2. Wedge shape w i t h  the in l e t  a t  th l  apex of narrow end. 

3. 	 Minimum length between i n l e t  and ou t l e t  of 3 f t  ( 1  m )  f o r  each acre 
of watershed. 

4. 	 A surface withdrawal system to m nimize resuspension of deposited 
ma t e r i  a1 s . 

5. Minimum permanent pool depth of 3 f t  ( 1  m )  fo r  wet ponds. 

6. Provision for  complete drainage. 

For dry ponds,  a swale should be provided i n  the pond bottom so t h a t  any dry-
weather flow can be transported direct ly  to the out le t .  The out le t  should be 
a t  the invert  of the swale and be designed to pass the dry-weather flow 
unrestricted.  

Several modifications are possible t o  increase the pol 1utant removal 
efficiency of existing or planned flood control f a c i l i t i e s .  Gravel or  cement 
may be added to the pond walls and bottom to prevent erosion by s tab i l iz ing  
the so i l .  Baffles or other energy dissipation devices instal led near the pond
i n l e t  may dis t r ibute  flow and reduce turbulence caused by the velocity of the 
flow entering the pond. The pollutant removal performance of wet ponds can be 
ensured or improved by keeping the 1eng th :wid th  r a t i o  greater than 3 : l .  
Instal la t ion of vertical baff les ,  similar to  a fence t h a t  extends fran the 
pond bottom t o  the high water leve l ,  can provide a se r ies  of channels t h a t  
guide  the flow on a route t h a t  promotes p l u g  flow ( f i r s t  i n ,  f i r s t  ou t )  
through the pond. Such channels should have a width:depth r a t io  of from 1:l 
to  2 : l .  T h i s  helps prevent short c i rcu i t ing  of the flow and excessive 
suspended sol i d s  escape through the out1 e t  caused by insuff ic ient  detention 
time. Concrete l i n i n g  of the area near the i n l e t  where the heavy sediment 
s e t t l e s  makes removal o f  t h a t  sediment much easier .  

Since biological ac t iv i ty ,  straining, and adsorption take place as flow 
i n f i l t r a t e s  and percolates through the soil underlying a pond, increasing the 
in f i l t r a t ion  capacity will improve the pollutant removal efficiency. 
Instal la t ion of underdrains in dry ponds i s  one method of increasing
i n f i l t r a t i o n  capacity. The pollutant removal performance of wet ponds may be 
increased by raising the level of the ou t l e t  pipe. The permanent pond s ize  
will be increased and sedimentation performance should improve. Of course,
some flood control capacity will be lo s t .  

Some pol 1utants,  particul ar ly  nutr ients ,  are u t i l  i zed by pl ants growing i n  the 
pond. I f  the plants are allowed to  die and decompose, ,the nutrients are  
released back to the pond. Harvesting and proper disposal of such vegetation 
will  remove those pollutants from the stormwater control system 1243. 

4-31 




INTEGRATION PROCESS EXAMPLES 

The genera l  p r i n c i p l e s  presented i n  t h e  i n t e g r a t i o n  s e c t i o n  can be p r a c t i c a l l y  
e x p l a i n e d  by use o f  i l l u s t r a t i o n s .  I n  t h e  f i r s t  example, a s to rage and/or  
sed imenta t ion  b a s i n  i s  t o  be p laced i n  a' developed urban area t o  m i t i g a t e  
f l o o d i n g  and stormwater p o l l u t i o n  impacts. The process o f  choosing a l o c a t i o n  
f o r  t h e  b a s i n  and examinat ion o f  t h e  a p p l i c a b i l i t y  and c o m p a t i b i l i t y  o f  t h i s  
c o n t r o l  method a r e  exami ned. 

The second example i n v o l v e s  t h e  r e t r o f i t t i n g  o f  a f l o o d  c o n t r o l  f a c i l i t y  t o  
improve t h e  p o l l u t a n t  removal e f f e c t i v e n e s s  and improve t h e  q u a l i t y  o f  t h e  
stormwater discharged. The t h i r d  example d e s c r i b e s  t h e  i n t e g r a t i o n  o f  a 
r e t e n t i o n  and a t t e n u a t i o n  f a c i l i t y  i n t o  a deve lop ing  area. 

Storage and/or Sedimentat ion Basin I n t e g r a t i o n  (F lood and P o l l u t i o n  C o n t r o l  ) 

Assumptions. The s i t i n g  o f  a s to rage and/or sed imenta t ion  b a s i n  i n v o l v e s  
t h r e e  f a c t o r s :  e x i s t i n g  f a c i l i t y  i n t e r f a c e ,  l a n d  use c o m p a t i b i l i t y ,  and space 
a v a i l a b i l i t y .  The p r e l i m i n a r y  phases o f  i n t e g r a t i o n  p l a n n i n g  and da ta  
g a t h e r i n g  had i d e n t i f i e d  a s to rage and/or sed imenta t ion  f a c i l i t y  as t h e  most 
a p p r o p r i a t e  c o n t r o l  method f o r  accommodating t h e  stormwater f rom a p o r t i o n  o f  
t h e  c i t y ' s  separate s torm sewers. 

The goals  o f  stormwater management a re :  ( 1 )  t o  e l i m i n a t e  f l o o d i n g  a long a 
r i v e r ,  and ( 2 )  t o  reduce t h e  p o l l u t a n t s  i n  o v e r f l o w s  t o  a r i v e r .  The s t o r a g e  
and/or sed imenta t ion  f a c i l i t y  was s e l e c t e d  as a c o n t r o l  method because s t o r a g e  
volume i s  r e q u i r e d  t o  p r e v e n t  f l o o d i n g  i n  t h e  urban ized p o r t i o n  o f  t h e  c i t y  
and sed imenta t ion  a l s o  a f f o r d e d  a p o l l u t a n t  r e d u c t i o n  mechanism t o  improve 
o v e r f l o w  qua1 ity. 

For  t h e  b a s i n  t o  i n t e r f a c e  w i t h  e x i s t i n g  f a c i l i t i e s ,  i t  must be l o c a t e d  near  
e x i s t i n g  sewers. It should a l s o  be s u f f i c i e n t l y  c l o s e  t o  t h e  t r e a t m e n t  p l a n t  
f o r  m i n i m i z i n g  s ludge t r a n s m i s s i o n  d i s t a n c e  and upstream o f  t h e  area w i t h  
s to rm sewers s u b j e c t  t o  f l o o d i n g  d u r i n g  h i g h  r u n o f f  per iods .  The areas 
meet ing these c r i t e r i a  a r e  i n  an area o f  t h e  c i t y  where t h e  l a n d  uses a r e  
commercial and l i g h t  t o  medium i n d u s t r y .  W i t h i n  t h e  area a r e  a few unimproved 
l o t s  used f o r  p a r k i n g  and some o l d e r  warehouses where r e n o v a t i o n  i s  planned. 
The i n s t a l l a t i o n  o f  a s to rage and/or sed imenta t ion  b a s i n  i n  t h e  area would be 
compat ib le  w i t h  e x i s t i n g  l a n d  uses. 

Due t o  l i m i t e d  space a v a i l a b i l i t y ,  t h e  l o c a t i o n s  f o r  t h e  b a s i n  a r e  narrowed t o  
two p o t e n t i a l  s i t e s :  an e x i s t i n g  p a r k i n g  l o t  and a warehouse scheduled f o r  
d e m o l i t i o n  and renovat ion .  The bas in,  i f  l o c a t e d  a t  t h e  p a r k i n g  s i t e ,  c o u l d  
be c o n s t r u c t e d  t o  a l l o w  p a r k i n g  above i t , t h u s  p e r m i t t i n g  dual  use o f  t h e  
s i t e .  A l t e r n a t i v e l y ,  t h e  warehouse s i t e  i s  proposed as a r e c r e a t i o n a l  
f a c i l i t y  f o r  workers i n  t h e  area, which a l s o  o f f e r s  a dual  use p o t e n t i a l .  

F u n c t i o n a l  C o m p a t i b i l i t y .  I n  i n i t i a l  p l a n n i n g  stages, t h e  f u n c t i o n a l  
c o m p a t i b i l i t y  between t h e  b a s i n  and e x i s t i n g  f a c i l i t i e s  i s  b r i e f l y  cons idered 
o n l y  i n  s e l e c t i n g  a genera l  area t o  search f o r  compat ib le  l o c a t i o n s .  D u r i n g  
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t h e  i n t e g r a t i o n  process, t h e  f l o w  scheme, impacts,  and o p e r a t i o n  and 
maintenance aspects must be i n v e s t i g a t e d  i n  more d e t a i l  f o r  f u n c t i o n a l  
compatib i  1it y . 
The proposed f l o w  scheme i s  t o  have t h e  bas in  o f f l i n e  and connected t o  t h e  
s to rm sewer by r e g u l a t o r s .  The p r i m a r y  f u n c t i o n  o f  t h e  b a s i n  i s  t o  pi-event 
f l o o d i n g .  When f l o w  i n  t h e  sewer reaches maximum stage w i t h o u t  f l o o d i n g ,  t h e  
basi.n i s  t o  be brought  o n l i n e  t o  i n t e r c e p t  and h o l d  t h e  s tormwater  excess. 
When t h e  peak f l o w  subsides, s t o r e d  water  w i l l  t h e n  be d r a i n e d  back i n t o  t h e  
sewer. 

The impacts  o f  t h e  s to rage/sed imenta t ion  b a s i n  i n  t h e  s torm sewer system a r e  
t o  reduce peak f lows and remove s o l i d s .  Should wet-weather t r e a t m e n t  become 
necessary i n  t h e  f u t u r e ,  t h e  b a s i n  w i l l  h e l p  t o  d i s t r i b u t e  t h e  f l o w  volume 
over  a l o n g e r  p e r i o d  e n a b l i n g  a s m a l l e r  maximum des ign  c a p a c i t y  f o r  t h e  
t r e a t m e n t  p l a n t  w h i l e  maximiz ing t h e  volume o f  t h e  f l o w  r e c e i v i n g  t rea tment .  

The o p e r a t i o n  o f  t h e  b a s i n  w i l l  be t r i g g e r e d  a u t o m a t i c a l l y  by f l o w  depth 
sensors i n  t h e  sewer. Sludge i s  d ischarged t o  t h e  s a n i t a r y  sewer f o l l o w i n g  
t h e  storm. Drainage o f  t h e  b a s i n  under normal o p e r a t i o n  i s  t o  t h e  s to rm 
sewer. Maintenance and cleanup o p e r a t i o n s  w i l l  occur  a f t e r  each storm. 

An a l t e r n a t e  dra inage pa th  f o r  t h e  f a c i l i t y  i s  t h r o u g h  t h e  dry-weather  
t r e a t m e n t  f a c i l i t y .  Cur ren t  des ign  o f  t h e  bas in  has t h e  dry-weather  d ra inage 
p a t h  o p t i o n ,  as w e l l  as p e r m i t t i n g  a p o t e n t i a l  r e v e r s e  f l o w  p a t h  f rom t h e  d r y -
weather f a c i l i t y  t o  t h e  bas in.  The p ipe ,  t o  a l l o w  dry-weather  f l o w  d i v e r s i o n  
t o  t h e  bas in,  i s  t o  be i n s t a l l e d  a t  t h e  same t i m e  t h e  b a s i n  s ludge d ischarge 
l i n e  i s  b e i n g  cons t ruc ted .  

Process C o m p a t i b i l i t y .  The two f l o w  schemes f o r  t h e  b a s i n  have d i f f e r e n t  
impacts  on t h e  t r e a t m e n t  f a c i l i t i e s .  F l e x i b i l i t y ,  capac i ty ,  and q u a l i t y  
impacts  a r e  discussed. The f l e x i b i l i t y  o f  t h e  system i s  h igh.  The b a s i n  i s  
designed t o  operate as a peak f l o w  d e t e n t i o n  f a c i l i t y  w i t h  t h e  added a b i l i t y  
o f  b e i n g  a b l e  t o  r o u t e  f l o w  t o  t h e  dry-weather  t r e a t m e n t  f a c i l i t y .  For d r y -
weather p l a n t  f a i l u r e  o r  emergency c o n d i t i o n s ,  t h e  b a s i n  c o u l d  p r o v i d e  s t a n d b y  
s to rage f o r  subsequent r e t u r n  t o  t h e  dry-weather p l a n t  f o r  t rea tment .  

A d d i t i o n a l  f l e x i b i l i t y  i s  o b t a i n e d  by u s i n g  t h e  connect ion  from t h e  d r y -
weather p l a n t  t o  t h e  o f f l i n e  s t o r a g e  f o r  temporary s t o r a g e  o f  dry-weather  
f l o w s  d u r i n g  peak per iods.  When t h e  t r e a t m e n t  p l a n t  reaches i t s  des ign 
h y d r a u l i c  capac i ty ,  t h e  u s e f u l  f u n c t i o n  o f  t h e  p l a n t  i s  extended by s t o r a g e  of 
peak dry-weather volume and t h e n  process ing  i t  d u r i n g  low f l o w  per iods .  T h i s  
f l e x i b i l i t y  can o n l y  be achieved d u r i n g  non-storm per iods .  I n  a l l  of t h e  
o p e r a t i o n  op t ions ,  odor c o n t r o l  measures must be implemented; t h e r e f o r e ,  t h e  
dry-weather p rocess ing  o p t i o n  i n  t h i s  case does n o t  impose added des ign cos t  
due t o  odor c o n t r o l .  

The impacts  o f  t h e  b a s i n  on t r e a t m e n t  f a c i l i t i e s  a r e  bo th  p o s i t i v e  and 
negat ive .  The p o s i t i v e  impact  i n c l u d e s  pos tpon ing  c a p a c i t y  expansion of t h e  
dry-weather p l a n t  due t o  m i t i g a t i n g  peak f l o w  demands. The n e g a t i v e  impact 
i n c l u d e s  inc reased maintenance and o p e r a t i o n  o f  t h e  s ludge p r o c e s s i n g  
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f a c i l i t i e s .  I f  t h e  s ludge process r e q u i r e s  d e g r i t t e d  s ludge, then 
arrangements f o r  d e g r i t t i n g  t h e  wet-weather s ludge must be prov ided.  Opt ions  
i n c l u d e  i n s t a l l a t i o n  o f  g r i t  removal equipment a t  t h e  b a s i n  o r  i n t r o d u c t i o n  o f  
t h e  s ludge ahead o f  g r i t  removal equipment i n  t h e  dry-weather t r e a t m e n t  
  
f a c i l i t y .  Since t h e  stormwater f l o w s  a r e  seasonal and sporad ic ,  t h e  demands 
 
which ,s to rmwater  p rocess ing  imposes on t r e a t m e n t  f a c i l i t i e s  a r e  h i g h l y  
 
v a r i a b l e .  Thus, t h e  t rea tment  p l a n t  shou ld  be a b l e  t o  handle t h e  a d d i t i o n a l  
 
l o a d s  s i n c e  they  w i l l  n o t  d r a s t i c a l l y  i n c r e a s e  t h e  average annual l o a d  on t h e  
 
p l a n t .  
  

The development o f  t rea tment  f a c i l i t i e s  f o r  t h e  c i t y  i s  s t i l l  undergoing 
  
a n a l y s i s .  To meet f l o w  and q u a l i t y  requi rements,  t h e  c i t y  w i l l  have t o  
 
c o n s t r u c t  t rea tment  f a c i l i t i e s .  A v a i l a b l e  o p t i o n s  a r e  expansion o f  t h e  d r y - 
 
weather p l a n t  t o  accommodate some stormwater t rea tment ,  o r  c o n s t r u c t i o n  o f  new 
 
separate f a c i l i t i e s  f o r  wet-weather process ing.  The s t o r a g e  and/or 
 
sed imenta t ion  b a s i n  i s  an i n t e g r a l  p a r t  o f  e i t h e r  op t ion .  The f u n c t i o n i n g  o f  
 
t h e  b a s i n  i n  regard.  t o  dry-weather f a c i  1i t i e s  was p r e v i o u s l y  discussed. The 
 
b a s i n  w i l l  operate i n  a s i m i l a r  f a s h i o n  w i t h  wet-weather f a c i l i t i e s .  The 
 
b a s i n ' s  p r i m a r y  f u n c t i o n  i s  t o  p revent  f l o o d i n g  and, by s t o r i n g  f l o w ,  p e r m i t  a 
 
reduced peak des ign volume f o r  t h e  downstream t r e a t m e n t  p l a n t .  Sludge would 
 
be t r a n s f e r r e d  t o  expanded sludge f a c i l i t i e s  a t  t h e  dry-weather  s i t e .  
  

The improvement i n  q u a l i t y  o f  t h e  d ischarge t o  t h e  r i v e r  w i l l  c o n s i s t  
  
p r i m a r i l y  o f  reduced sediment load ings .  The l o a d  o f  heavy meta ls  and o t h e r  
 
p o l l u t a n t s  assoc ia ted  w i t h  sediment w i l l  a l s o  be reduced i n  t h e  d ischarge.  
 
The number o f  over f lows f rom t h e  area served by t h e  b a s i n  w i l l  be reduced, 
 
w i t h  a corresponding i n c r e a s e  i n  d i s c h a r g e  q u a l i t y  due t o  p r o c e s s i n g  t h r o u g h  
 
t h e  t r e a t m e n t  p l a n t .  
 

F1ood C o n t r o l  R e t r o f i t  
 

Assumptions. To a l l e v i a t e  t h e  f l o o d i n g  i n  a p o r t i o n  o f  t h e  c i t y ,  a f l o o d  
 
c o n t r o l  b a s i n  was c o n s t r u c t e d  on c i t y  p r o p e r t y  a d j a c e n t  t o  t h e  r i v e r .  The 
 
embankment around t h e  b a s i n  and a long t h e  r i v e r  was r a i s e d  t o  p r e v e n t  
 
f l o o d i n g .  Stormwater i s  d ischarged t o  t h e  r i v e r  f rom t h e  b a s i n  by b o t h  
 
pumping and g r a v i t y .  F lap  gates were i n s t a l l e d  on t h e  g r a v i t y  d ischarge p i p e s  
 
t o  p r e v e n t  r i v e r  water f rom e n t e r i n g  t h e  basin.  When t h e  water  l e v e l  i s  h i g h  
 
i n  t h e  r i v e r ,  stormwater i s  d ischarged f rom t h e  b a s i n  by pumping. When t h e  
 
water  l e v e l  i n  t h e  r i v e r  subsides, s t o r e d  r u n o f f  f l o w s  t o  t h e  r i v e r  by 
 
g r a v i t y .  
  

With t h e  inc reased concern and r e g u l a t i o n s  r e g a r d i n g  stormwater p o l l u t a n t  
  
discharges,  t h e  c i t y  has determined i t  would be c o s t  e f f e c t i v e  t o  r e t r o f i t  t h e  
 
e x i s t i n g  f l o o d  c o n t r o l  b a s i n  t o  improve t h e  q u a l i t y  o f  t h e  s tormwater  
 
d ischarge i n t o  t h e  r i v e r .  
 

F a c i l i t y  M o d i f i c a t i o n s .  The m o d i f i c a t i o n s  needed i n c l u d e  p h y s i c a l  and 
 
o p e r a t i o n a l  changes. The c u r r e n t  mode o f  o p e r a t i o n  i s  t o  d r a i n  r u n o f f  i n t o  
 
t h e  r i v e r  as q u i c k l y  as p o s s i b l e .  When g r a v i t y  f l o w  i n t o  t h e  r i v e r  i s  
 
p o s s i b l e ,  no b u i l d u p  o f  r u n o f f  volume occurs i n  t h e  basin.  When pumping i s  
  
r e q u i r e d ,  t h e  volume i n  t h e  b a s i n  i s  a l l o w e d  t o  accumulate s u f f i c i e n t l y  t o  
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prevent  frequent, shor t -per iod operat ion o f  the  pumps. Most o f  the volume, 
however, i s  kep t  i n  reserve f o r  sudden peak r u n o f f  occurrences. 

The operat ional  changes requ i red  i nvo l ve  de ta in ing  a vo l  ume o f  stormwater 
s u f f i c i e n t l y  f o r  sedimentation t o  occur. During low r i v e r  l e v e l ,  g r a v i t y  f l o w  
would fi l l. the basin, overtop a wei r  ( o r  o ther  r e s t r a i n i n g  dev ice) ,  and 
cont inue by g r a v i t y  f l ow  t o  the  r i v e r .  During the  pumping phase, e f f l u e n t  
from the sedimentation bas in would f l ow  t o  the pump sump. For peak f l u s h  
per iods,  a p a r t i a l  f l ow  bypass f r a n  the  e n t r y  o f  the  f a c i l i t y  t o  the sump 
would prevent v e l o c i t i e s  i n  the sedimentation bas in  from g e t t i n g  h igh  enough 
t o  resuspend the sediment. However, a f i n a l  dec i s ion  on the  i n c l u s i o n  o f  a 
p a r t i a l  f l ow  bypass should no t  be made u n t i l  a p o l l u t i o n  budget ana lys is  has 
been completed. The p o l l u t i o n  budget ana lys is  w i l l  he lp  t o  determine whether 
the  most e f f i c i e n t  removal a t  h igh  f lows occurs when p a r t  o f  the  f l ow  i s  
bypassed o r  when a l l  o f  the h igh f low i s  passed through t h e  basin. 

The phys ica l  mod i f i ca t i ons  t o  permi t  the above opera t ion  mode inc lude 
i n s t a l l a t i o n  o f  s t i l l i n g  basin, we i r  ( o r  o the r  r e s t r a i n i n g  dev ice) ,  sediment 
removal equipment, compartmental i z a t i o n  o f  the basin, and peak f l u s h  
conveyance channel 

To c rea te  the sedimentation basin, a we i r  or a s top l o g  type o f  f l ow  r e s t r a i n t  
i s  i n s t a l l e d .  The f l ow  then i s  sub jec t  t o  de ten t ion  t ime i n  the  basin. The 
f l o w  then proceeds from the bas in  t o  the pump sump. 

By compartmental izing the  basin, on l y  a p o r t i o n  o f  the  bas in  i s  used f o r  
sedimentation wh i l e  the remainder i s  a v a i l a b l e  t o  handle the peak f l o w  w i t h o u t  
sedimentation. This  prevents sudden 1arge f lows from resuspending m a t e r i a l  i n  
the  sedimentation basin. An increase i n  the pumping capac i ty  i s  necessary t o  
o f f s e t  t he  l o s s  i n  standby volume i n  the  sedimentation p o r t i o n  o f  the  basin. 

To keep the  bas in  operat ing as desired, sediment must be removed on a r o u t i n e  
basis. The frequency o f  the requ i red  sediment removal opera t ions  i s  dependent 
upon the volume and con f igu ra t i on  o f  t he  basin, t h e  frequency o f  storm events, 
and the  suspended s o l i d s  loads associated w i t h  the  storm events. For small 
bas ins,  sediment may have t o  be removed f o l l o w i n g  each storm event o r  a f t e r  
o n l y  a few events. Sediment may be al lowed t o  accumulate f o r  several years  
between c leanings i n  very l a r g e  basins. 

I n s t a l l a t i o n  o f  sediment removal equipment i n  small bas ins t h a t  must be 
cleaned f requen t l y  may be requ i red  as p a r t  o f  t he  r e t r o f i t t i n g  o f  the  
f a c i l i t y .  For l a r g e  basins where long per iods between c leanings are 
acceptable, mod i f i ca t i ons  may inc lude  p r o v i s i o n  f o r  access f o r  c lean ing  and 
maintenance work. 

Funct ional  Compa t ib i l i t y .  The f l o o d  con t ro l  f a c i l  i t y ,  as r e t r o f i t t e d ,  i s  
compatible w i t h  stormwater management goals. Impacts o f  the  r e t r o f i t  o f  t he  
f a c i l i t y  on f l ow  handl ing are minor. The decrease o f  the  storage volume i s  
o f f s e t  by increased pumping capac i ty  so a h igher  volume o f  stormwater w i l l  be 
pumped a t  the design storm peak f low, b u t  there  i s  no p r a c t i c a l  change i n  the 
a b i l i t y  o f  the  system t o  p r o t e c t  the  r e s i d e n t i a l  area from f lood ing .  
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Operation and maintenance of the fac i l  i t y  i s  a1 tered due t o  increased cleanup 
activities after storms and higher maintenance requirements. The f a c i l i t y  i s  
self-actuating so the beginning of a storm event does not  necessitate rapid 
mobil izat ion of staff. 

Process Compatibil i t y .  The qua1 i t y  impacts of retrofitting the f lood control 
facility are t o  reduce the amount of sediment and associated pollutants 
released during storm events. Except fo r  the largest storms, most of  the 
storm flow undergoes primary treatment. During bypass conditions, only part
of  the flow i s  subject t o  primary treatment. I f  the f i r s t  flush phenomenon 
applies t o  the ci ty 's  stormwater system, the retrofit  flood control f a c i l i t y
will detain the first flush volumes for treatment, enabling a greater percent 
removal efficiency on an average annual basis. 

Retention and Attenuation Facil i t y  Integration 

Assumptions. An existing cattle ranch has been rezoned for single family
residential use w i t h  a local cmerc ia l  business district .  A small creek 
channel, w i t h  a pond for watering c a t t l e ,  crosses the property and enters the 
storm sewer i n  a presently developed area of the city. The creek i s  dry 
except d u r i n g  the spring. Storm and sanitary sewers wi l l  be extended i n t o  the 
developing area. The c i t y  has an ordinance requiring the peak runoff rate 
from any future development not  exceed the peak rate from the undeveloped 
site.  

The potential  retention and attenuation control methods for this si te are 
numerous. Rooftop storage, parking l o t  ponding, and low structural need 
retention or  detention basins offer the highest potential  for being optimum
stormwater management control techniques. The stormwater control measures can 
be easily integrated as the si te plans are being developed. 

The adaptability of the control methods for implementing storage or 
sedimentation or both and retention i s  an advantage. As new development i n  
the area continues, the most appropriate control method can be chosen for each 
subsequent si te w i t h o u t  confl icting w i t h  other areas. For an expanding
system, the net effect i s  t h a t  each expanding area adds facil i t ies as 
required, w h i c h  prevents negative impacts on downstream faci l  i t ies.  

Control methods need t o  be selected w i t h  compatibil i ty i n  mind. Rooftop
storage, plaza ponding, and parking l o t  ponding are a l l  compatible w i t h  
comnercial business land  use. Retention or detention ponds can be compatible 
control methods w i t h  residential l a n d  uses. Other faci l i t ies  requiring more 
structural components for storage o r  sedimentation or  b o t h  also can be 
compatible. Low structural need control facil i t ies can be blended w i t h  the 
natural surroundings. 

The low structural need facil i t ies often require larger l a n d  areas. In the 
new development, there i s  sufficient l a n d  for  retention ponds. The options 
are open t o  have dry ponds or wet ponds. The cat t le  watering pond, hav ing
been i n  existence for many years, has developed natural  vegetation for pond 
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areas. This portion of the si te could be converted t o  a wet pond w i t h  
add i t iona l  storage vol me requirements being provided by dry pond storage. 

Functional Compatibi l i ty .  After analysis of the s i te  to optimize the 
integration of stormwater control methods, the fol lowing combination of  
control s was selected. For the comercial business area control s include: 
(1) rooftop storage and controlled rate of release, and (2) parking l o t  
storage w i t h  drains t o  a small structural basin to  a i d  in petroleum
hydrocarbon and sediment removal and t o  add additional required volume. The 
add i t iona l  vol ume was required because, wi thout  becoming a n u i  sance or hazard,
parking l o t  storage was n o t  sufficient t o  handle the business dis t r ic t  runoff 
volume. The designed rooftop and parking l o t  storage i s  expected t o  be 
sufficient t o  detain the peak flows and prevent exceeding the storm sewer 
c a pac i t y  . 
The resident a1 section has b o t h  a wet and dry pond t o  regulate storm flows. 
The wet pond was established a t  the c a t t l e  watering pond. A dike surrounding 
the pond was b u i l t  up sufficiently t o  provide for storage above the normal 
level of the pond. The wet pond serves as a retention basin for most 
storms. The large storm runoffs exceeding the capacity of the wet pond
continue on o the dry pond. The dry pond a1 so was establ ished as a 
recreational fie1d during periods w i t h o u t  rain. Drainage swal es throughout
the development have stepped barriers t o  add to the detention storage volume 
avai 1abl e. 

The required maintenance procedures can be distributed over a period o f  time 
and would not, therefore, represent a labor intensive period a t  any p o i n t
during the year. Channel s must be kept free of debris. The rooftop units 
must be checked periodically. The parking l o t  area should be kept swept w i t h  
normal street cleaning procedures. The dry pond must be maintained i n  grass,
free from excess vegetative growth .  P lan t  g r o w t h  around the edges of the wet 
pond a1 so must be control 1ed. 

Addit ional  maintenance around the wet pond i s  required after storms t o  remove 
accumulated floatable materials. Dredging or scraping the bottom of the pond
periodically will prevent loss of recreational use due t o  sedimentation. None 
of the control methods confl i c t  w i t h  the operation of the storm sewer. 

Process Compatibility. Retention and attenuation facil i t i es  are compatible 
w i t h  any o t  the other treatment processes. Since the control measures i n  the 
new development are primarily flow control measures, l i t t l e  impact of 
treatment processes will be observed. The only quality effects will be from 
sweeping of the parking l o t  t o  reduce the quantity of pol lutants  i n  the runoff 
and the wet retention pond t h a t  will contain po l lu tan ts  from p a r t  of the 
residential section. The chosen control methods, being independent of the 
other stormwater management controls, do not  impose constraints on downstream 
faci l i t ies  and therefore allow for maximum flexibil i t y .  

Treatment capacity will no t  be negatively impacted, since the new development 
i s  .designed t o  have the same net runoff effect as the unimproved property. A 
slight decrease i n  pollutants i s  expected, causing a reduction i n  p o l l u t a n t  
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loading. The accumulated sediment removed from the wet and dry ponds must be 
disposed of a t  appropriate 1andf i l l  s i t e s .  

The qua1 i t y  impacts of this  stormwater management system are t o  sl igh t ly  
reduce pol lutant  loadings i n  the stormwater runoff reaching the river. 
Groundwater impacts of retention fac i l  i t i e s  must a1 so be examined. Stormwater 
runoff from developed areas may not  conta in  high sediment loads b u t  additional 
pol 1utants  such as petrol eum hydrocarbons, heavy metal s ,  and other toxic 
compounds are higher t h a n  from the undeveloped area. This should be taken 
i n t o  consideration when percolation i s  used f o r  disposal of stormwater. 
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SECTION 5 

DESIGN OF RETENTION STORAGE FACILITIES 

Stormwater r e t e n t i o n  i s  the s to rage o f  excess r u n o f f  f o r  complete removal f rom 
t h e  s u r f a c e  dra inage and d ischarge system. Stormwater r e t e n t i o n  f a c i l  it i e s  
may t a k e  a v a r i e t y  o f  forms. For  ins tance,  i n  Orlando, F l o r i d a ,  p e r f o r a t e d  
aluminum c u l v e r t s  have r e c e n t l y  been i n s t a l l e d  below s t r e e t  l e v e l  i n  t h e  
downtown area t o  s t o r e  and p e r c o l a t e  ground water  [l]. T h i s  s e c t i o n  descr ibes  
des ign procedures and o p e r a t i o n  c o n s i d e r a t i o n s  f o r  t h e  most common r e t e n t i o n  
s to rage f a c i l i t y  type-- the pond. Stormwater r e t e n t i o n  ponds may be d i v i d e d  
i n t o  two genera l  c a t e g o r i e s :  d r y  ponds and wet ponds. Dry ponds are  ear then 
b a s i n s  t h a t  a re  wet o n l y  d u r i n g  and i m n e d i a t e l y  a f t e r  r u n o f f  events .  Excess 
f l o w s  a r e  d i r e c t e d  t o  them and a l lowed t o  p e r c o l a t e  t o  t h e  groundwater. Wet 
ponds a r e  permanent ponds i n  which stormwater i s  s t o r e d  by v a r y i n g  t h e  l e v e l  
o f  t h e  pond. Stormwater a l s o  p e r c o l a t e s  t o  t h e  groundwater f rom wet ponds. 

E a r l y  i n  1980, the  American P u b l i c  Works A s s o c i a t i o n  conducted a survey o f  
stormwater s torage p r a c t i c e s  i n  the  U n i t e d  Sta tes  and Canada [Z]. O f  t h e  
12,683 f a c i l i t i e s  repor ted ,  a lmost  50% were d r y  ponds. An a d d i t i o n a l  2,382 
f a c i l i t i e s  were wet ponds. Not  a l l ,  however, operate as r e t e n t i o n  bas ins.  

P e r c o l a t i o n  o f  stormwater t o  the  groundwater o f f e r s  a number o f  b e n e f i t s  i n  
a d d i t i o n  t o  c o n t r o l l i n g  stormwater f lows.  The groundwater i s  recharged. A 
t o t a l  o f  1,513 f a c i l i t i e s  were r e p o r t e d  i n  use f o r  groundwater recharge. T h i s  
i s  p a r t i c u l a r l y  i m p o r t a n t  i n  areas where t h e  groundwater bas ins  are b e i n g  
overdrawn and increased u r b a n i z a t i o n  i s  reduc ing  normal i n f i l t r a t i o n .  I n  
a d d i t i o n ,  p e r c o l a t i o n  through a s o i l  c o l  umn has been shown t o  be v e r y  
e f f e c t i v e  i n  removing b a c t e r i a  , oxygen demanding m a t e r i a l  , and suspended 
m a t e r i a l  f rom a wastewater. However, d i s s o l v e d  t o x i c  m a t e r i a l s  may pass 
th rough t o  t h e  groundwater. 

DESIGN CONSIDERATIONS 

Runof f  s t o r a g e  and p e r c o l a t i o n  are t h e  p r i m a r y  ways i n  which d r y  ponds reduce 
p o l l u t a n t  l o a d i n g s  t o  r e c e i v i n g  waters. As w i t h  o t h e r  stormwater s to rage
f a c i l i t i e s ,  ponds a l l o w  sedimentat ion removal o f  suspended m a t e r i a l s  d u r i n g  
over f lows.  A d d i t i o n a l  p o l l u t a n t  removal i n  wet ponds may a l s o  r e s u l t  f rom 
b i o l o g i c a l  o x i d a t i o n  of suspended and d i s s o l v e d  organ ic  m a t e r i a l  i n  t h e  
r u n o f f .  S o i l  c h a r a c t e r i s t i c s  and permeabi l  i t i e s  p l a y  an i m p o r t a n t  r o l e  i n  
des ign and o p e r a t i o n  of these f a c i l i t i e s .  I n  a d d i t i o n ,  ponds f r e q u e n t l y  a r e  
designed t o  serve m u l t i p l e  purposes, u s u a l l y  f o r  f l o o d  c o n t r o l  and 
r e c r e a t i o n a l  f a c i l i t i e s .  Other purposes a1 so i n c l u d e  a e s t h e t i c s  as w e l l  as, 
l e s s  f r e q u e n t l y ,  stormwater p o l l  u t i o n  c o n t r o l  f a c i l  i t i e s .  Dry ponds may serve 
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as playgrounds o r  a t h l e t i c  f i e l d s  when no t  i n  use f o r  stormwater c o n t r o l  w h i l e  
wet ponds are o f t e n  a lso  rec rea t i ona l  lakes. Other uses (s to rage r e s e r v o i r ,  
drainage contro l , ,  and improved l o c a l  aes the t i cs )  may have as g r e a t  o r  g rea te r  
impact on s ize ,  l o c a t i o n ,  and c o n f i g u r a t i o n  dec is ions  as p o l l u t i o n  c o n t r o l .  
Th is  sec t i on  inc ludes  a d iscuss ion o f  design cons idera t ions  and f a c t o r s  f o r  
bo th  types o f  ponds. 

S ize 

Size requirements inc lude no t  on ly  vo l  umetr ic capac i t y  b u t  a1 so both sur face 
and s o i l  i n t e r f a c e  area requirements, as w e l l .  The pond c o n f i g u r a t i o n  depends 
on: 

0 The r u n o f f  storage volume needed. 

0 	 The sur face area and we i r  l eng th  requ i red  t o  assure adequate s e t t l i n g  
du r ing  sedimentat ion operat ion.  

0 	 The sur face area needed f o r  adequate t r a n s f e r  o f  oxygen i n t o  the pond 
water t o  a11ow aerobic decomposition o f  o rgan ic  pol  1u tan ts .  

0 	 The so i l -wa te r  i n t e r f a c e  area needed f o r  adequate p e r c o l a t i o n  o f  
s to red  r u n o f f  between storm events. 

0 The area needed t o  serve whatever dual uses the  bas in  may have. 

The i d e a l  p o l l u t i o n  c o n t r o l  design i s  a balance o f  s torage capac i t y  and 
sedimentat ion removal t h a t  w i l l  y i e l d  the necessary wasteload reduc t i on  f o r  
the lowest  cos t .  S i z ing  determinat ions,  based on these fac to rs ,  are the same 
as f o r  de ten t i on  storage/sedimentat ion basins discussed i n  Sect ion 7. 

The s torage volume requ i red  i s  a lso  a func t i on  o f  s o i l  c h a r a c t e r i s t i c s  o f  the  
pond s i t e ,  p a r t i c u l a r l y  s o i l  permeabil i t y ,  subsurface geologic  cond i t ions ,  
s tomwate r  pol  1u t a n t  makeup, and the antecedent dry-weather pe r iod  between 
r u n o f f  events. 

Permeabil it y  i s  a term used t o  descr ibe the ease w i t h  which 1i q u i d s  and gases 
pass through s o i l .  I n  general, water moves through s o i l s  o r  porous media i n  
accordance w i th  Darcy' s 1aw (F igu re  16 ) : 

q = k dH/dl ( 5-1) 

where q = 	 the f l u x  ( r a t e  o f  f l ow  of water per u n i t  c ross-sect ioned 
area),  i n . / h  (cm/h) 

k = the permeab i l i t y ,  in . /h  ( cm/h) 

dH/dl = the t o a l  head ( h y d r a u l i c )  g rad ien t ,  f t / f t  (m/m) 
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- R E F E R t W C E  D A T U N  L E V E L  

S A T U R A T E D  FLOW 
--- ....~. ~...... .

F i g u r e  16. Schematic showing re1 a t i o n s h i p  o f  t o t a l  
head ( H )  , pressure head ( h )  , and g r a v i t a t i o n  head ( Z )  f o r  

s a t u r a t i o n  f l o w  C31. 

The t o t a l  head ( H I  i s  the  sum o f  t h e  s o i l w a t e r  p ressure  head ( h ) ,  and t h e  head 
due t o  g r a v i t y  ( z )  , o r  H = h + z. The h y d r a u l i c  g r a d i e n t  i s  the  change i n  
t o t a l  head (dH) over t h e  pa th  l e n g t h  ( d l ) .  The p e r m e a b i l i t y  i s  d e f i n e d  as t h e  
p r o p o r t i o n a l i t y  cons tan t ,  k .  

S o i l  p e r m e a b i l i t y  i s  determined t o  a l a r g e  e x t e n t  b y  s o i l  t e x t u r e  w i t h  coarse 
m a t e r i a l s  g e n e r a l l y  hav ing h i g h e r  permeabi l  i t i e s .  I n  some cases, t h e  s o i l  
s t r u c t u r e  may be o f  equal importance. A w e l l - s t r u c t u r e d  c l a y  w i t h  good 
s t a b i l i t y ,  f o r  example, can have a g r e a t e r  p e r m e a b i l i t y  than a much coarser  
s o i l .  The i o n i c  n a t u r e  o f  t h e  s o i l w a t e r  ( c a p i l l a r y  o r  c o n t a c t  water  t h a t  
remains i n  t h e  s o i l  a f t e r  groundwater has d r a i n e d  b y  g r a v i t y )  and t y p e  o f  
v e g e t a t i o n  may a l s o  a f f e c t  p e r m e a b i l i t y  by reduc ing  the  e f f e c t i v e  pore s i z e  i n  
t h e  s o i l .  

P e r c o l a t i o n ,  t h e  movement o f  water  th rough t h e  s o i l ,  i s  a d i s t i n c t l y  d i f f e r e n t  
p r o p e r t y  f rom i n f i l t r a t i o n .  The i n f i l t r a t i o n  r a t e  o f  a s o i l  i s  d e f i n e d  as t h e  
r a t e  a t  which water  e n t e r s  t h e  s o i l  f rom t h e  sur face.  When t h e  s o i l  p r o f i l e  
i s  sa tura ted ,  t h e  i n f i l t r a t i o n  r a t e  i s  equal t o  t h e  e f f e c t i v e  s a t u r a t e d  
p e r m e a b i l i t y  o f  the  s o i l  p r o f i l e .  When t h e  s o i l  p r o f i l e  i s  r e l a t i v e l y  dry,  
t h e  i n f i l t r a t i o n  r a t e  i s  h i g h e r  because water  i s  e n t e r i n g  l a r g e  pores and 
c racks .  When water  i s  app l ied ,  l a r g e  pores f i l l  and c l a y  p a r t i c l e s  s w e l l ,  
reduc ing  t h e  i n f i l t r a t i o n  r a t e  t o  a near steady s t a t e  va lue .  

As w i t h  p e r m e a b i l i t y ,  i n f i l t r a t i o n  r a t e s  a r e  a f f e c t e d  by t h e  i o n i c  composi t ion 
o f  t h e  s o i l w a t e r  and by t h e  t y p e  o f  vegeta t ion .  O f  course, any t i l l a g e  o f  t h e  
s o i l  sur face  w i l l  a f f e c t  i n f i l t r a t i o n .  F a c t o r s  t h a t  tend t o  reduce 
i n f i l t r a t i o n  r a t e s  i n c l u d e  c l o g g i n g  b y  s o l i d s  i n  t h e  a p p l i e d  water ,  g r a d a t i o n  
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of f i n e  s o i l  p a r t i c l e s ,  clogging due t o  biological growth, and gases produced 
by so i l  microbes. 

Field measurements of soil i n f i l t r a t i o n  r a t e s  and permeabi l i t ies  a re  an 
essent ia l  par t  of the design of retention/perco)ation basins. Generally, the 
steady s t a t e  i n f i l t r a t i o n  r a t e  serves as the basis of se lec t ion  of the design 
hydraulic loading r a t e ,  The rapidi ty  w i t h  which water moves through a s o i l  
p r o f i l e  will be determined by the l e a s t  permeable layer  i n  the prof i le .
However, subsurface permeabili t ies must a l so  be considered. 

There are  many avai lable  techniques for measuring i n f i l t r a t i o n ,  including 
flooding basins,  spr inkler  in f i l  trometers, cyl inder i n f i l  trometers,  and 
lysimeters.  The preferred technique i s  one t h a t  approximates the actual 
method of water application. In the case of dry ponds, this would be flooding
basins or  cyl inder i n f i l  trometers. I t  is  strongly recommended t h a t  hydraulic 
tests of any type be conducted w i t h  actual stormwater when possible.  The 
i n f i l t r a t i o n  r a t e  of a par t icu lar  s i te  will tend t o  decrease w i t h  time as 
stormwater i s  applied as a r e s u l t  of continuous inundation which excludes 
oxygen from the soi l  , thus engendering the growth of anaerobic bacter ia  on the 
organic matter deposited on or  contained i n  the so i l  w i t h  r e s u l t a n t  clogging 
of the so i l  system C41. This clogging generally occurs only a t  the surface,  
and the i n f i l t r a t i o n  r a t e  may be returned to  nearly i t s  or iginal  value by 
scar i fy ing  the surface or permitting i t  to  drain and t o  rees tab l i sh  aerobic 
conditions C41. Selection of a design i n f i l t r a t i o n  r a t e  m u s t  take i n t o  
account th i s  clogging C31. 

P a r t i c u l a r l y  f o r  wet ponds, the biodegradable organic content of the runoff 
may a l so  influence pond s iz ing.  Biological s t a b i l i z a t i o n  of organic mater ia l s  
i s  accomplished w i t h  the use of dlssolved oxygen, i f  avai lable .  If  the 
dissolved oxygen i s  depleted, anaerobic decomposition occurs, producing
odorous gases and discoloring the water. Oxygen i s  dissolved i n t o  the water 
a t  the air-water interface or  from oxygen released by algae i n  the water. The 
r a t e  a t  which oxygen i s  used i s  a function of the organic loading and o f  the 
water temperature. The r a t e  a t  which oxygen i s  dissolved depends on the 
magnitude of the oxygen d e f i c i t  and the surface turbulence. Therefore,
organic loading per u n i t  surface area may be an important consideration. The 
acceptable loading r a t e  depends on a1 te rna t ive  pond uses. Domestic wastewater 
treatment ponds are  usually loaded a t  15 t o  35 l b  BOD5/acre*d ( 1 7  t o  
40 kg/ha*d) 151. I t  i s  recommended t h a t  stormwater re tent ion ponds not be 
loaded a t  higher than 5 t o  10 l b  BOD / acre-d  (6 t o  11 kg/ha.d). An ac t ive  
biomass to  provide BOD reduction i n  jomestic wastewater treatment ponds can be 
maintained since the flow and pol lutant  loadings remain r e l a t i v e l y  constant;  
the in te rmi t ten t  flow and var iable  pol lutant  loads reaching stormwater 
re tent ion ponds are  not conducive t o  maintaining a s t a b l e  ac t ive  biomass. 
Organic loading usually i s  not a problem f o r  ponds t h a t  control stormwater 
runoff. Anaerobic conditions may r e s u l t  i n  ponds w i t h  small surface areas 
used t o  control combined sewer overflows. 

To avoid the generation of malodorous gases or the development of nuisance 
i n s e c t  populations, i t  i s  recommended t h a t  dry ponds should be designed t o  

5-4 




a l l o w  complete pe rco la t i on  o f  the  f u l l  pond r e t a i n e d  f l ow  i n  n o t  more than 7 
days f o r  stormwater r u n o f f ,  o r  3 days f o r  combined sewer overf lows. 

I n  most cases, f l o o d  con t ro l  i s  a dual purpose o f  stormwater r e t e n t i o n /  
perco l  a t i o n  ponds, and the f l o o d  c o n t r o l  and hydrograph a t tenua t ion  needs 
u s u a l l y  determine the storage vo l  m e  requi red.  The 1980 APWA survey revealed 
t h a t  f o r  de ten t ion  f a c i l i t i e s ,  the  most f requen t l y  c i t e d  bas is  f o r  f l o o d  
c o n t r o l  storage s i z i n g  i s  the 100 year  ra instorm,  fo l l owed  by the 10 year  and 
the  25 year  storm, i n  t h a t  o rde r  [2]. Design o f  ponds s p e c i f i c a l l y  f o r  
c o n t r o l  o f  f l o o d i n g  i s  n o t  w i t h i n  the  scope o f  t h i s  manual, b u t  i s  adequately 
discussed i n  the  1 ite ra tu re .  

Locat ion  

The su i  t a b i l  i t y  o f  var ious s i t e s  w i t h i n  a drainage area f o r  pond f a c i l  i t i e s  
depends on (1) the a v a i l a b i l i t y  o f  the s i t e ,  ( 2 )  compa tab i l i t y  o f  surrounding 
l a n d  uses w i t h  a stormwater r e t e n t i o n  f a c i l i t y  use and o ther  dual use 
func t ions ,  ( 3 )  the area requ i red ,  ( 4 )  the s o i l  c h a r a c t e r i s t i c s ,  and (5) the 
l o c a t i o n  o f  the s i t e  w i t h  respec t  t o  t r i b u t a r y  catchment s i z e  and t o  o ther  
sewer o r  drainage f a c i l i t i e s .  

Evaporat ion may a lso  be a f a c t o r  i n  the d i s p o s i t i o n  o f  water from r e t e n t i o n /  
p e r c o l a t i o n  ponds. For d ry  ponds, i t s  e f f e c t  i s  s l i g h t ,  s ince such ponds are 
u s u a l l y  designed t o  empty w i t h i n  7 days, and evapora t ive  losses  over such a 
sho r t  p e r i o d  are small. Evaporat ion may be a cons idera t ion  i n  ma in ta in ing  the  
permanent pool i n  a wet pond, p a r t i c u l a r l y  i n  areas sub jec t  t o  seasonal 
r a i n f a l l .  I n  the western Un i ted  States,  f o r  instance, a r e t e n t i o n / p e r c o l a t i o n  
pond may operate as a wet pond du r ing  the w i n t e r  r a i n y  season and be d ry  
du r ing  the sumner. 

The f i r s t  cons idera t ion  i n  i d e n t i f y i n g  p o t e n t i a l  l o c a t i o n s  f o r  a stormwater 
c o n t r o l  f a c i l i t y  i s  the a v a i l a b i l i t y  o f  a g iven s i t e .  For new development 
areas where urban iza t ion  i s  y e t  t o  occur, t h i s  i s  n o t  u s u a l l y  a problem. For 
i n s t a l  1a t i o n s  i n  establ  ished areas, s i t e  a v a i l  a b i l  i t y  can be an impor tan t  
f a c t o r .  Idea l  l o c a t i o n s  may a l ready  be occupied by b u i l d i n g s  o r  highways. 
Even i f  the  agency developing the  c o n t r o l  f a c i l i t y  has powers o f  eminent 
domain, exerc ise o f  such powers should be a l a s t  r e s o r t .  I n  any case, f a i r  
market va lue of an a l ready developed s i t e  may make i t  p r o h i b i t i v e l y  
expensive. Any s i t e  which has a l ready  been developed should be considered f o r  
redevelopment as a stormwater c o n t r o l  f a c i l i t y  on l y  a f t e r  a l l  undeveloped 
s i t e s  have been i d e n t i f i e d ,  evaluated, and r e j e w .  

Another impor tan t  cons idera t ion  f o r  r e t e n t i o n  bas ins i s  the compatabil i t y  o f  
l and  uses i n  the surrounding area. For f a c i l i t i e s  i n  o r  near r e s i d e n t i a l  or  
commercial areas , more in tense opera t i on  and maintenance e f f o r t s  are requ i red  
t o  p revent  nuisance cond i t i ons  from occur r ing .  Less s t r i n g e n t  opera t ion  and 
maintenance e f f o r t s  may be requ i red  f o r  r e t e n t i o n  f a c i l i t i e s  i n  more remote o r  
l e s s  v i s i b l e  l o c a t i o n s  

Obviously,  the s i ze  o f  the  f a c i l i t y  needed and the s i t e  s o i l  c h a r a c t e r i s t i c s  
p l a y  very impor tant  r o  es. P re l im ina ry  screening o f  s i t e s  may be accomplished 
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based on information from soi l  maps. Final designs must be based on f i e l d  
testing of soi l  permeabil i t ies.  

First f lushes,  w h i c h  of ten occur i n  bo th  storm sewer discharges and combined 
sewer overflows, usually are of a shorter duration f o r  small t r i b u t a r y
catchments t h a n  f o r  l a r g e r  catchments. T h u s ,  since the volume associated w i t h  
the f i r s t  f lush from a small catchment would be proportionately l e s s  than t h a t  
from a la rge  catchment, several small re tent ion basins may be more appropriate 
than a s ingle  la rge  basin. If  f i r s t  f lush  control i s  the establ ished goal,  
retention/percol a t ion  basins should be 1ocated accordingly. In a d d i t i o n ,  
r ap id  percolation of a stored vol ume of stormwater runoff,  so t h a t  storage 
volume i s  avai lable  i n  time f o r  the next storm, usual ly  requires a la rge  s o i l -
water in te r face  area. I f  the catchment i s  la rge ,  the necessary pond area will 
a1 so be large.  

Location of the s i t e  w i t h  respect to  the drainage and/or sewer system i s  
another factor .  Idea l ly ,  1ocations should be selected to  minimize t ranspor t  
drainage conduits/channel s from the ex is t ing  drainage f a c i l i t i e s ,  and a l so  t o  
allow discharge of basin overflows w i t h  min imum of o u t f a l l  piping
construction. 

DESIGN PROCEDURE 

The following section cons is t s  of a step-by-step procedure f o r  design of 
retention ponds. The f i r s t  two s teps  are typ ica l ly  c a r r i e d  o u t  a t  a planning 
s tage,  and are  discussed only b r i e f l y .  The approach used i n  the design of 
re tent ion f a c i l i t i e s  should make use of ex is t ing  experience, known concepts, 
and developing theories .  An in tegrated design procedure must be used t o  
insure t h a t  the desired functions of the pond (sediment removal , i n f i l t r a t i o n  
and percolation, flood control , or  flow reduction) a r e  compatible w i t h  the 
types of flow reaching the pond (stormwater runoff o r  combined sewer overflow) 
and any other multi-use aspects ( r e c r e a t i o n ,  a e s t h e t i c s ,  e t c . ) .  In actual 
prac t ice ,  re tent ion ponds are very seldom used f o r  combined sewer overflows 
because the organic s o l i d s  tend to  seal the pond bottom and reduce the 
i n f i l t r a t i o n  capacity.  

Step 1 - Quantify Functional Requirements 

Usi ng a n  accepted hydro1 ogi c analysi s method, determi ne storm d i  s t r i  b u t i  on 
pat terns  f o r  the  urban area being analyzed. This should include a s t a t i s t i c a l  
d i s t r i b u t i o n  o f  storm vol  umes , storm i ntensi t i  e s ,  a n d  storm durat i  ons  a n d  
frequencies.  Historical  r a i n f a l l  d a t a  a r e  ava i lab le  from a var ie ty  of  
sources.  The length o f  t h e  r a i n f a l l  t ime-step used t o  ca lcu la te  the  runoff 
depends on the  s i z e  o f  t h e  watershed being analyzed, the  length a n d  i n t e n s i t y  
o f  the  storm, a n d  the  degree o f  accuracy desired.  Typical ly ,  analysis  of a 
small watershed may require  a 5 - t o  10-minute in te rva l  while a l a rge  watershed 
may only require  a l - h r  i n t e r v a l .  Hourly r a i n f a l l  d a t a  f o r  many loca t ions  in  
t h e  United S t a t e s  i s  ava i lab le  from the  National Weather Service.  Shorter 
in te rva l  ra i  n fa l l  d a t a  a r e  often a v a i  1a b l  e from d r a i  nage, sewerage, f l  ood 
c o n t r o l ,  or other special  d i s t r i c t s .  
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Runoff  i s  re1ated  t o  r a i n f a l l  occurrence. Many methods are a v a i l  abl  e; o f ten ,  
a reg iona l  f l o o d  c o n t r o l  agency w i l l  spec i f y  the  r u n o f f  c a l c u l a t i o n  method t o  
be used. For a f i r s t - c u t  ana lys is ,  a s i n g l e  event  hydrograph may be 
s u f f i c i e n t .  However, f o r  the f i n a l  design a long- term hydro log ica l  eva lua t i on  
should be used and analyzed i n  the same fash ion  as a l ong  term streamflow 
record.  

Next, p o l l u t a n t  c h a r a c t e r i s t i c s  should be determined. Actual f i e l d  data 
s p e c i f i c  t o  the  catchment being considered o r  t o  a nearby and s i m i l a r  
catchment should be c o l l  ected. I n c l  uded should be pol  1u t a n t  types and 
concentrat ions.  P a r t i c l e  s i ze  d i s t r i b u t i o n s ,  s p e c i f i c  g r a v i t i e s ,  and/or 
s e t t l e a b i l  i t i e s  o r  s e t t l i n g  v e l o c i t i e s  o f  suspended sol i d s  and associated 
p o l l u t a n t s  o f  concern should be determined. I n fo rma t ion  on s e t t l e a b i l  i t y  
c h a r a c t e r i s t i c s  i s  discussed i n  Sect ion 7. 

I f  a s i g n i f i c a n t  f i r s t  f l u s h  o f  p o l l u t a n t s  o r  suspended s o l i d s  i s  ev ident ,  t h e  
t ime  v a r i a t i o n  o f  the  mass l oad ing  r a t e  can be an impor tan t  cons ide ra t i on  i n  
the  design o f  the r e t e n t i o n  f a c i l i t i e s .  I f  most o f  the  p o l l u t a n t  mass l o a d  
occurs du r ing  the e a r l y  p a r t  o f  the  storm event, i t  i s  impor tan t  t h a t  t h a t  
p o r t i o n  o f  the f l ow  be re ta ined  w h i l e  l a t e r ,  more d i l u t e  p o r t i o n s  o f  the  f l o w  
are al lowed t o  pass on downstream. S i g n i f i c a n t  so l  i d s  depos i t ions  cou ld  a1 so 
a f f e c t  opera t ion  and maintenance o f  the r e t e n t i o n  bas ins  and need t o  be 
considered i n  p lanning and des ign ing the basins.  

Step 2 - I d e n t i f y  Required Waste Load and Flow Reduction 

I n  some cases, regu la to ry  agencies may s p e c i f y  the  l e v e l  o f  f l o o d  c o n t r o l  
requi red;  t h e  l e v e l  o f  p o l l  u t i o n  con t ro l  may a1 so be s p e c i f i e d  b u t  o n l y  i n  a 
few cases. I f  an a l lowable p o l l u t a n t  l o a d  i s  n o t  spec i f i ed ,  t he  expected 
impacts o f  the stormwater on the es tab l i shed b e n e f i c i a l  uses o f  the  r e c e i v i n g  
water may be used t o  c a l c u l a t e  the p o l l u t a n t  waste l o a d  reduc t ions  requ i red .  

Step 3 - Determine P re l im ina ry  Basin S i z i n g  

Since a dual purpose o f  most stormwater r e t e n t i o n  ponds i s  f l o o d  c o n t r o l ,  
p r e l  im inary  de terminat ion  o f  storage vo l  ume needs i s  o f t e n  based on f l o o d  
c o n t r o l  requirements. F1ood con t ro l  requirements a r e  usual 1y expressed as 
c o n t r o l  o f  r u n o f f  peak f l ow  from a g iven design storm t o  some s p e c i f i e d  ra te ,  
o f t e n  the predevelopment ra te .  The e f f e c t  o f  a s to rage pond on r u n o f f  peak 
f lows i s  est imated by a f l ow  r o u t i n g  procedure. 

Based on the f lood  c o n t r o l  aspects alone, the r e t e n t i o n  bas in  can be t r e a t e d  
as a simple rese rvo i r .  Flow r o u t i n g  f o r  a r e s e r v o i r  requ i res  t h a t  t h ree  
r e l a t i o n s h i p s  f o r  the r e s e r v o i r  be known: (1) an i n f l o w  hydrograph, (2) a 
depth-storage r e l a t i o n s h i p ,  and ( 3 )  a depth-discharge re1at ionsh ip .  Rout ing 
i s  the  s o l u t i o n  o f  the storage equat ion which i s  an expression o f  c o n t i n u i t y :  
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where 	 I = i n f l o w  r a t e  
0 = o u t f l o w  r a t e  
S = s to rage 
t = t ime 

Using s u b s c r i p t s  1 and 2 t o  r e p r e s e n t  t h e  b e g i n n i n g  end o f  t h e  p e r i o d ,  
r e s p e c t i v e l y ,  

Equat ion  (5 -3 )  may be t ransformed t o  

I1 + 12 + 2s 01  =p2+ o2 (5-4)  
(4-
k> 
where t = t i m e  ( r o u t i n g  p e r i o d )  

S o l u t i o n  o f  equat ion  (5-4)  r e q u i r e s  a r o u t i n g  c u r v e  showing 2 S / t  + 0 vs.  0. 
 
A l l  terms on t h e  l e f t - h a n d  s i d e  o f  t h e  equat ion  a r e  known and a v a l u e  o f  2S2/ t  
 
+ 	O 2  can be computed. The corresponding va lue  o f  0 can be determined from 
t h e  r o u t i n g  curve. The computat ion i s  then repeate$ f o r  subsequent r o u t i n g  
p e r i o d s .  

The depth-d ischarge r e l a t i o n s h i p  can be a composi te made up o f  t h e  
r e l a t i o n s h i p s  f o r  m u l t i p l e  o u t l e t s .  An example o f  t h e  r o u t i n g  curves f o r  
t y p i c a l  r e s e r v o i r  i s  shown i n  F i g u r e  17. 

140 

I20 

20 i 
o i 

F i g u r e  17. Rout ing curves f o r  a t y p i c a l  r e s e r v o i r .  
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A1 t e r n a t i v e  f l o o d  r o u t i n g  procedures , e i t h e r  hand computat ion , computer based 
s i m u l a t i o n s ,  o r  g r a p h i c a l  methods, may a l s o  be used. 

The e f f e c t i v e n e s s  o f  t h e  pond i n  removing heav ie r  sediments ( s o i l  p a r t i c l e s )  
can be e s t i m a t e d  u s i n g  t h e  curve  shown i n  F i g u r e  18, based on Brune 's  work 
[ S l .  E s t i m a t i n g  removal e f f i c i e n c i e s  f o r  l i g h t e r  m a t e r i a l s ,  such as organ ic  
s o l i d s ,  i s  n o t  so easy, s ince t h e  e f f e c t s  of  eddies and c u r r e n t s  w i t h i n  t h e  
b a s i n  a re  more pronounced f o r  such p a r t i c l e s .  

c 

I _..

9 1 0 0  

I-z 2 0  P O N D E O  R E S E R V O I R S  
W 
I 
 
0 0 
 
Wv) 1 0 - 3  1 0 - 2  1 0 - 1  1 1 0 '  

C A P A C l  T Y  - I N F L O W  R A T I O  

O R  

PONO VOLUME 
~ 

A V E R A G E  A N N U A L  I N F L O W  

- -_  - ---_ 
F i g u r e  18. Brune ls  t r a p  e f f i c i e n c y  curves  C61. 

A more r i g o r o u s  method f o r  e s t i m a t i n g  p o l l  u t a n t  removal s i s  t h e  u t i l  i z a t i o n  o f  
a mathematical  model f o r  e i t h e r  s i n g l e  event  o r  con t inuous  s i m u l a t i o n .  The 
two methods used i n  t h e  Storage/Treatment b l o c k  o f  SWMM-Version I11 a r e  
examples [71. I n  t h e  f i r s t  case where p o l l u t a n t s  a r e  c h a r a c t e r i z e d  o n l y  b y  
mass f l o w  and concent ra t ion ,  t h e  removal may be s imu la ted  as a f u n c t i o n  o f  
d e t e n t i o n  t ime, i n f l u e n t  c o n c e n t r a t i o n ,  i n f l o w  r a t e ,  removal f r a c t i o n  o f  
another  p o l l u t a n t ,  incoming c o n c e n t r a t i o n  o f  another  p o l l u t a n t ,  o r  any 
combinat ion o f  the  above. The s e l e c t i o n  o f  t h e  equat ion  v a r i a b l e  i s  l e f t  t o  
t h e  user.  I n  t h e  o t h e r  case, p o l l u t a n t s  a r e  c h a r a c t e r i z e d  by t h e i r  p a r t i c l e  
s i z e  and s p e c i f i c  g r a v i t y  d i s t r i b u t i o n ,  ( o r  apparent s p e c i f i c  g r a v i t y  
d i s t r i b u t i o n  depending on the  amount o f  a i r  o r  o i l  i n  t h e  i n t e r t i c i e s  o f  t h e  
p a r t i c l e s ) ,  then are  removed by p a r t i c l e  s e t t l i n g .  The removal i s  determined 
b y  summing the  e f f e c t s  o f  severa l  ranges pass ing th rough t h e  u n i t .  
Appl i c a t i o n  o f  these methods p r o v i d e s  improved es t imates  o f  t h e  removal 
e f f i c i e n c y  o f  t h e  bas ins.  However, i f  t h e  ac tua l  s p e c i f i c  g r a v i t y  and 
p a r t i c l e  s i z e  d i s t r i b u t i o n s  are n o t  a v a i l a b l e  o r  t h e  c o n c e n t r a t i o n  o f  
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p o l l u t a n t s  i n  the f l o w  i s  uncer ta in ,  the use o f  t he  l a t t e r  method i s  n o t  
warranted. This  i s  p a r t i c u l a r l y  t r u e  i n  the case o f  combined sewer over f lows 
due t o  the genera l l y  h igher  percentage o f  organic s o l i d s  when compared t o  
stormwater discharges (see Sect ion 2 ) .  

,The requ i red  sur face area f o r  oxygen t r a n s f e r  should be based on a sur face 
l oad ing  o f  5 t o  10 l b  BOD5/acre*d (6 t o  11 kg/ha*d) .  

Step 2 and Step 3 a re  i t e r a t i v e  steps. The cos ts  o f  mass l o a d  reduc t i on  must 
be compared w i t h  the  b e n e f i c i a l  uses being pro tec ted .  

Step 4 - I d e n t i f y  Feasib le  Pond S i tes  

Topographic and land use maps o f  the area may be used t o  l o c a t e  p o t e n t i a l  
s i t e s .  Land use p lans should be reviewed t o  make sure t h a t  c o n f l i c t s  o f  l a n d  
use w i l l  no t  occur i n  the fu tu re .  

Removal o f  p o l l u t a n t s  from water pe rco la t i ng  th rough a l a y e r  o f  s o i l  i s  a 
complex process, and the e f f i c i e n c i e s  o f  removal may vary  from p o l l u t a n t  t o  
p o l l  u tan t .  Pe rco la t i on  through s o i l  i s  very e f f e c t i v e  i n  removing BOD5, 
bac te r ia ,  and suspended mate r ia l .  The removal o f  these p o l l u t a n t s  from 
perco la ted  stormwater i s  u s u a l l y  complete. Other po l  1 utan ts ,  such as some 
d i sso l ved  heavy meta ls  o r  s a l t s ,  may be c a r r i e d  i n t o  the  groundwater o r  
t ranspor ted  v i a  the groundwater t o  resur face  downgradient. The p o s s i b i l i t i e s  
o f  groundwater contaminat ion o r  groundwater t r a n s p o r t  should be considered 
when s e l e c t i n g  a re ten t i on /pe rco l  a t i o n  pond. See t h e  performance sec t i on  o f  
t h i s  chapter  f o r  a d iscuss ion  o f  t reatment mechanisms and e f f i c i e n c i e s .  

Once the  p o l l u t a n t  removal t h a t  can be accomplished by sedimentat ion i s  
determined i n  Step 3, the  add i t i ona l  p o l l u t a n t  removal t h a t  can be 
accomplished by p e r c o l a t i o n  must be determined so t h a t  f e a s i b l e  pond s i t e s  can 
be i d e n t i f i e d .  A t ime step approach us ing the  hydrograph from Step 1 and t h e  
associated p o l l u t a n t  loads from Step 2 should be used. 

The volume o f  stormwater t h a t  can be perco la ted  i s  dependent on t h e  volume o f  
water i n  storage a t  the end o f  each t ime step and the  infiltration/percolation 
ra te .  I n f i l  t r a t i o n / p e r c o l a t i o n  a1 so takes p lace d u r i n g  the storm event when­
ever there  i s  water i n  the pond. The volume perco la ted  du r ing  each t ime step 
i s  equal t o  the p e r c o l a t i o n  r a t e  times the l e n g t h  o f  the  t ime step. But i n  no 
case can the perco la ted  volume exceed the s to red  volume a t  the  beginning o f  
the  t ime step. 

The p o l l u t a n t  l o a d  removed i s  equal t o  the p o l l u t a n t  concen t ra t i on  i n  the 
perco la ted  vo l  ume mu1 t i p 1  i e d  by the perco la ted  vo l  ume. 

For  wet ponds, even though the  pe rco la t i on  i s  cont inuous the p o l l u t a n t  l o a d  
v a r i e s  between dry-and wet-weather values. A1 so, evapora t ion  should be 
considered when s i z i n g  wet ponds. 

P r e l i m i n a r y  p e r c o l a t i o n  area s i z i n g  o f  the pond may be performed us ing the 
nomograph shown i n  F igure  19 and s o i l  pe rmeab i l i t y  ranges ob ta ined from S o i l  
Conservat ion Serv ice s o i l  maps. 

5 - 1 0  




1,ow 
 

4 00 

2 0 0  

P R O B A B L E  R A N G E  O F  
L O N G - T E R M  

. I N F I L T R A T I O N  ............. 
,.. ....,........ .....\ 

1 00 

4 0  

2 0  

1 0  

4 . 0  

2 . 0  

1 . o  

0 . 4  

0 . 2  

0.1 0 0 b 
P E R M E A B I L I T Y  R A T E S  O F  M O S T  R E S T R I C T I V E  L A Y E R  I N  S O I L  P ' R O F I L E ,  i n  . / h  

I P E R M E A B I L I T Y ?  S O I L  C O N S E R V A T I O N  S E R V I C E  O E S C R I P T ~ V E- 'TERMS I 

< 0.06 0 . 0 6 - 0 .  20 0 .  2 0 - 0 . 6 0  0 . 6 0 - 2 .  0 2 .  0-6. 0 6 . 0 - 2 0 .  0 > 20.0 

Figure 19. Soil permeability versus 
appl ication rates 131. 

ranges o f  

5 - 1 1  



The design i n f i l t r a t i o n  r a t e  should be 10 percent  o f  the i n i t i a l  s o i l  
pe rmeab i l i t y  value t o  take i n t o  account the  decrease i n  i n f i l t r a t i o n  t h a t  w i l l  
r e s u l t  from sur face c logg ing  by suspended sol i ds .  The design i n f i l t r a t i o n  
r a t e  shown i n  F igure  19 should be used on ly  f o r  p r e l i m i n a r y  s i z i n g  purposes. 
Actual f i e l d  t e s t  r e s u l t s  should be used f o r  f i n a l  design o f  the pond. The 
requ i red  s o i l / w a t e r  i n t e r f a c e  area may be c a l c u l a t e d  by Equation 5-5. 

sv 
 (5-5 1 
 
A =  D I  x t l  

where A = the  so i l /wa te r  i n t e r f a c e  area requ i red  
SV = the  c a l c u l a t e d  storage volume 
D I  = the design i n f i l t r a t i o n  r a t e  
ET = the emptying t ime 

The storage vol  ume requ i red  i s  t h a t  vo l  ume c a l c u l a t e d  i n  Step 3. The 
pe rmeab i l i t y  may be obta ined from s o i l  maps o f  the s i t e  and by reading the  
c h a r t  a t  the bottom o f  F igure  19. 

The emptying t i m e ,  ET, i s  the t ime requ i red  t o  complete ly  perco la te  the 
storage volume. I d e a l l y ,  the  e n t i r e  storage volume should be a v a i l a b l e  a t  t h e  
beginning o f  each r u n o f f  event. However, storm events a re  random, and the 
i n te rs to rm t ime w i l l  vary. I n  add i t i on ,  a l t e r n a t i v e  uses w i l l  r equ i re  t h a t  
the  pond be d ry  some percentage o f  t ime. For purposes o f  performing a 
p re l im ina ry  est imate o f  bottom area, ET may be est imated f o r  d ry  ponds by 
Equation 5-6. 

ET = (1 - N/100) x Avg antecedent d ry  p e r i o d  (5-6) 

where 	 Avg antecedent d ry  p e r i o d  = the  average t ime between the  
end o f  one storm and the beginning o f  t h e  nex t  storm where the 
r u n o f f  volume i s  equal t o  o r  g rea te r  than storage volume. 

N = 	 t he  percentage o f  t ime du r ing  the year  t h a t  a l t e r n a t i v e  uses 
r e q u i r e  t h a t  the  pond be dry, %. 

For wet ponds, ET i s  equ iva len t  t o  average i n t e r s t o r m  time. Equation 5-6 may 
be adjusted t o  account f o r  seasonal r a i n f a l l  p a t t e r n s  by c a l c u l a t i n g  average 
i n t e r s t o r m  t ime and N f o r  the most c r i t i c a l  season. For d ry  ponds, ET should 
n o t  exceed 7 days f o r  stormwater r u n o f f ;  f o r  combined sewer overf lows, ET 
should n o t  exceed 3 days. 

As many f e a s i b l e  s i t e s  as poss ib le  should be i d e n t i f i e d .  S i t e s  should then be 
ranked, based on apparent a c c e p t a b i l i t y .  Some s u b j e c t i v e  judgment must be 
used s ince many d i f f i c u l t  t o  q u a n t i f y  f a c t o r s  must be considered, such as l a n d  
use compat ib i l  i t i e s  and poss ib le  a1 t e r n a t i v e  f a c i l i t y  uses. 

Step 5 - I n v e s t i g a t e  Most Promising S i t e s  

Beginning w i t h  the  h ighes t  ranked s i t e ,  s o i l  bo r ings  and i n f i l t r a t i o n  and 
pe rmeab i l i t y  t e s t s  o f  the  s i t e  should be accomplished. The two p re fe r red  
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methods o f  i n f i l t r a t i o n  t e s t i n g  are f l o o d  basins and r i n g  i n f i l  t rometers.  
Each method i s  discussed i n  Appendix C o f  t h i s  manual. I n f i l t r a t i o n  t e s t i n g ,  
p a r t i c u l a r l y  us ing r i n g  i n f i l  t rometers,  should be conducted on the most 
r e s t r i c t i v e  s o i l  1ayer under ly ing  the s i t e  w i t h i n  the  p o t e n t i a l  e l e v a t i o n  
range o f  the excavated pond bottom. 

Again, the  measured i n f i l t r a t i o n  r a t e  can be expected t o  decrease w i t h  t ime as 
stormwater s o l i d s  c log  the s o i l  surface. The i n f i l t r a t i o n  r a t e  used i n  des ign 
should be 10%o f  the measured i n f i l t r a t i o n  r a t e  a t  the  s o i l  sur face  b u t  should 
n o t  exceed the pe rmeab i l i t y  o f  the  most r e s t r i c t i v e  s o i l  l a y e r .  

Step 6 - E s t a b l i s h  Basin Sizes 

The nex t  step i s  t o  determine a f i n a l  bas in s ize  based on the measured 
i n f i l t r a t i o n  r a t e  and on a read jus ted  bas in emptying t ime and p e r c o l a t i o n  
area. 

The storage volume ca lcu la ted  i n  Step 3 and the p e r c o l a t i o n  area c a l c u l a t e d  i n  
Step 4 assumed t h a t ,  a f t e r  each r u n o f f  event, adequate t ime f o r  t he  bas in  t o  
empty would be a v a i l a b l e  be fore  the nex t  r u n o f f  event. I n  p r a c t i c e ,  however, 
events are random and a l l  storage volume may n o t  be a v a i l a b l e  a t  t he  beginning 
o f  the nex t  storm. Therefore, the  bas in volume and p e r c o l a t i o n  area must be 
ad jus ted  t o  account f o r  t h i s .  

The maximum emptying time, ET, and the design i n f i l t r a t i o n  r a t e ,  DI, (10% o f  
the measured r a t e )  determine the  maximum a l lowab le  depth o f  ponding, d: 

d = ET x D I  (5-7 

For any g iven storage volume, a d i r e c t  r e l a t i o n s h i p  between a v a i l  ab le storage 
volume, ASV, and in te rs to rm per iod,  t, e x i s t s :  

ASV = ( A  x D1 x t )  (5-8 

where A = area o f  pond bottom 

ASV may n o t  exceed the storage vo l  ume f o r  d ry  ponds. 

From .Step 1, the p r o b a b i l i t y  d i s t r i b u t i o n  o f  i n t e r s t o r m  pe r iods  i s  known. The 
i n t e r s t o r m  pe r iod  i s  r e l a t e d  d i r e c t l y  t o  a v a i l a b l e  s torage volume by  Equat ion 
5-8. Therefore,  t he  p r o b a b i l i t y  o f  occurrence f o r  va r ious  a v a i l a b l e  s torage 
volumes i s  known. M u l t i p l y i n g  the p r o b a b i l i t y  t h a t  the  storm w i l l  be exceeded 
by the  p r o b a b i l i t y  o f  having the  corresponding s torage volume a v a i l a b l e  w i l l  
y i e l d  a p r o b a b i l i t y  o f  over f low f o r  each ASV. 

By assuming an acceptable l e v e l  o f  containment, say 80%, one may ob ta in  the  
r u n o f f  volume c o n t r o l l e d  by the bas in  s i ze  considered. By per forming t h i s  
c a l c u l a t i o n  f o r  several bas in s izes,  one may ob ta in  a bas in  s i z e  r u n o f f  volume 
curve f o r  the assumed l e v e l  o f  containment. 
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The design bas in s i z e  can be selected, based on the percentage o f  r u n o f f  t o  be 
conta ined and the associated waste l oad  reduc t i on  (Step 2 ) .  

The bas in  s i z i n g  process invo lves  a number of  r e p e t i t i v e  c a l c u l a t i o n s  and can 
be c a r r i e d  o u t  on a computer. 

Note t h a t  t h i s  process assumes t h a t  the storage bas in  i s  always f u l l  a t  the 
end o f  the preceding storm event. Th is  i s  a conservat ive assumption. 

The need f o r  a l a r g e  pond bottom area f o r  i n f i l t r a t i o n  and pe rco la t i on ,  due to 
the  ex is tence o f  a low pe rmeab i l i t y  subsurface s o i l  l aye r ,  can sometimes be 
reduced by i n s t a l l a t i o n  o f  underdrains t o  c o l l e c t  and d ischarge perco la ted  
stormwater. 

SteD 7 - Desian So l i ds  Removal Techniaue and F a c i l i t i e s  

The hand1 i n g  and removal o f  captured sol i d s  w i t h i n  the r e t e n t i o n / p e r c o l a t i o n  
 
ponds present  the b igges t  problems i n  f a c i l i t y  operat ion.  I n  add i t i on ,  du r ing  
  
over f l ow  cond i t ions  and sedimentation, s h o r t - c i r c u i t i n g  and resuspension o f  
 
prev ious l y  s e t t l e d  sol  i d s  may occur, reducing o v e r a l l  bas in  removal 
 
e f f i c i e n c y .  Very impor tant  aspects o f  the  d r y  pond design are i n l e t  and 
 
o u t l e t  s t ruc tu res  and s o l i d s  removal methods and/or devices. 
  

I n l e t  s t ruc tu res  should be designed t o  p rov ide  even d i s t r i b u t i o n  o f  f l ow  
 
across the  head o f  the basin. Devices i nc lude  over f low wei rs ,  m u l t i p l e  p ipe  
 
i n l e t s ,  and hydrau l i c  energy d i s s i p a t i o n  devices such as s t i l l i n g  wa l ls .  
 
Prescreening o f  stormwater f lows and combined sewer over f lows i s  o f t e n  
 
necessary to reduce the cleanup requ i red  i f  l a r g e  q u a n t i t i e s  o f  paper and 
 
o the r  gross so l  i d s  o r  f l o a t a b l e  m a t e r i a l s  are present.  Compartmental izat ion 
  
of  the pond can l o c a l  i z e  the cleanup o f  f l o a t a b l e s .  
 

As the stormwater f l o w  enters  the  pond from a channel o r  condu i t ,  t he  v e l o c i t y  
 
q u i c k l y  drops. Since the a b i l i t y  o f  f l o w i n g  water t o  t r a n s p o r t  heavy s o l i d s  
 
i s  d i r e c t l y  r e l a t e d  t o  the v e l o c i t y ,  a l a r g e  q u a n t i t y  of the  suspended 
 
m a t e r i a l  s e t t l e s  ou t  o f  the stormwater i n  the  f i r s t  few f e e t  o f  the  basin. I f  
  
n o t  removed, a bank o f  s o l i d s  may develop, e m i t t i n g  odors as biodegradable 
 
m a t e r i a l  s are anaerobical l y  decomposed. Many f l o o d  con t ro l  bas ins are 
  
cons t ruc ted  w i th  forebays t o  conf ine the  s o l i d s  f o r  eas ie r  removal. Th is  
  
capture  and removal o f  s o l i d s  can he lp  extend the pe r iod  between s c a r i f y i n g  o f  
 
t he  d ry  pond bottom o r  dredging o f  the  wet pond and reduce opera t iona l  costs .  
  

The forebay may be designed t o  a c t  as a de ten t i on  s torage/sedimentat ion bas in  
 
dur ing  small r u n o f f  events, w i t h  r e t u r n  o f  the  captured f l ow  and s o l i d s  t o  the  
 
sewers f o r  treatment. A poss ib le  i n l e t / f o r e b a y  s t r u c t u r e  i s  illu s t r a t e d  i n  
 
F igu re  20. A1 t e r n a t i v e l y ,  a de ten t i on  s torage/sedimentat ion bas in  may be used 
 
as a pret reatment  f a c i l i t y  i n  f r o n t  o f  a d ry  pond. 
 

The w id th  o f  the forebay should be based on expected changes i n  f l o w  v e l o c i t y  
 
and s e t t l e a b i l i t y  o f  the stormwater, s i m i l a r  t o  the design approach f o r  
 
storage/sedimentat ion bas ins (Sec t ion  7 ) .  
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An a l ternat ive t o  the forebay or pretreatment detention basin is t o  construct 
  
the pond i n  a tr iangular shape, w i t h  inflow a t  the apex and the overflow along
 
the base. In th i s  way, the drop in velocity i s  gradual along the length of 
 
the basin and the deposited solids are more evenly spread over the basin 
 
bottom. The use of baffles or compartments w i t h i n  the pond can improve
 
hydraulic distribution and minimize temperature gradients and sal in i ty 
 
s t r a t i f i ca t ions  (par t icu lar ly  for  combined sewer overflows). 
 

The velocity of the basin flow together w i t h  the se t t l i ng  velocity of the 
suspended par t ic les  play predominant roles i n  the sediment trapping 
performance of a pond dur ing  overflow conditions. The velocity o f  bas in  flow 
depends upon the basin outflow rate .  Outflow ra tes  are usually determined by 
the outflow structure configuration. Commonly used pond ou t le t  forms include 
overflow weirs, s luice gates, o r i f i ce s ,  and spillways. Hydraulic texts  should 
be consulted for the equations to be used i n  calculating flowrate of the 
s t ructure  selected. The selection of the overflow and i t s  design are usually 
based on flood d i  scharge requirements. 

Step 8 - Determine Pond Configuration 

Economical earth construction methods usually d ic ta te  t h a t  square or 
rectangular configurations be used w i t h  the length not greater than three 
times the wid th  [$I. Side slopes should be shallow enough (1:3 or l e s s )  t o  
a l low mowing or other maintenance o f  any vegetative cover. Many times, 
however, the final configuration of the retention f a c i l i t y  i s  determined not 
only by the necessary storage volume and in f i l t r a t ion /  percolation area b u t  
a1 so by any a1ternat i  ve uses ( recreation , aesthet ic ,  e tc .  1 or physical 
constraints of the selected site. The method selected for sediment removal or 
pond bottom maintenance can e f fec t  the configuration a1 so. 

The overall objective is  to provide the best effect ive retention and pollutant 
 
removal facil  i t y  consistent w i t h  the constraints,  imposed by the s i t e  
 
configuration and topography in addition to any other desired uses. 
 

PERFORMANCE 
 

The efficiency of retention ponds i n  reducing stormwater pollutant loadings 
depends heavily on the underlying soil as a treatment medium. Soils have been 
found to  be very effect ive in removing a broad range o f  pollutants from 
wastewater (including suspended material, phosphorus, some metals, bacteria 
and viruses) and the soil' also provides a medium for  s tabi l izat ion of oxygen-
demanding materials. The e f fec t  of wet pond retention on suspended solids for  
an impoundment a t  Woodlands, Texas, i s  shown i n  Figure 21. The mechanisms of  
removal include se t t l i ng ,  f i l t e r ing  ( s t r a in ing ) ,  biological ac t iv i ty ,  
coagul a t ion,  adsorption , and chemical reaction. Percol a t i o n  o f  wastewater may
resu l t  in degradation of the groundwater; therefore,  i t  i s  important  t o  have 
an understanding of the removal processes a t  work i n  so i l s  and removal 
eff ic iencies  t h a t  m i g h t  be anticipated. 
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Very few i n v e s t i g a t i o n s  o f  removal e f f i c i e n c i e s  and t reatment  performance o f  
s o i l  i n  p e r c o l a t i n g  stormwater have been conducted. The f o l l o w i n g  d iscuss ion  
i s  based on observat ions o f  l and  t reatment  systems f o r  r a p i d  i n f i l t r a t i o n  o f  
munic ipal wastewater t reatment  e f f 1uent . 
F i l t r a t i o n  i n  the  s o i l  p r o f i l e  e f f e c t i v e l y  e l  im ina tes  suspended sol i d s  from 
p e r c o l a t i n g  wastewater. Th is  f i l t r a t i o n  occurs almost e x c l u s i v e l y  on the  
sur face.  Removed p a r t i c l e s  tend t o  f i l l  s o i l  v o i d  spaces, f u r t h e r  improving 
the removal by s t ra in ing .  Once re ta ined  i n  the s o i l  p r o f i l e ,  b iodegradable 
sol  i d s  undergo decomposition. Nondegradable and s l  owly  degradabl e sol i d s  , 
however, tend t o  g radua l l y  b u i l d  up w i t h i n  the s o i l  , causing c logg ing  and 
decreasing the i n f i l t r a t i o n  r a t e .  Aerobic decomposition o f  r e t a i n e d  
degradable s o l i d s  and c l e a r i n g  o f  sur face s o i l  pores i s  enhanced by s c a r i f y i n g  
o r  p lowing the s o i l  surface. 

The u l t i m a t e  f a t e  o f  an organic compound i n  the s o i l  environment depends 
l a r g e l y  on i t s  a b i l i t y  t o  be metabol ized by s o i l  microorganisms. Micro­
organisms growing on the s o i l  p a r t i c l e s  q u i c k l y  c o n t a c t  and s t a b i l i z e  
degradable organic compounds as the  wastewater t r i c k l e s  through the  s o i l .  I f  
the  s o i l  i s  unsaturated, oxygen w i l l  c i r c u l a t e  through the  s o i l  pores and the 
s t a b i l i z a t i o n  w i l l  be aerobic. I f  the s o i l  i s  sa tura ted  f o r  some pe r iod  o f  
t ime,  a v a i l a b l e  oxygen may be used up and the  process may become anaerobic. 

It i s  impor tan t  t o  note than many organic  compounds are  n o t  suscept ib le  t o  
m i c r o b i a l  degradation. A d d i t i o n a l l y ,  a v a r i e t y  o f  o rgan ic  compounds may be 
unava i lab le  f o r  m ic rob ia l  o r  enzymatic decomposition because o f  environmental 
f a c t o r s  such as pH, organic  mat te r ,  mo is tu re  conten t  , temperature, aera t ion ,  
and c a t i o n  exchange capaci ty .  Other removal mechanisms, i n  a d d i t i o n  t o  
b i o l o g i c a l  s t a b i l i z a t i o n  a t  work on organic  molecules i n  s o i l s ,  i nc lude  
v o l a t i l i z a t i o n ,  sorp t ion ,  and chemical degradation. Unless removed by these 
mechanisms, wastewater organics move through the s o i l  by  mass- t ranspor t  and 
d i spe rs ion  and i n t o  the  groundwater. Concentrat ions o f  t r a c e  organ ics  i n  
groundwater downstream from spreading bas ins a t  Whi t t i e r  Narrows, Cal i f o r n i a ,  
t h a t  rece ive  stormwater, rec la imed wastewater, and sur face  water are presented 
i n  Table 10. 

Bac ter ia ,  v i ruses ,  and pa ras i tes  present  i n  stormwater discharges and combined 
sewer over f lows may pose a t h r e a t  t o  human hea l th  due t o  waterborne disease 
t ransmiss ion.  Pe rco la t i on  o f  wastewater through s o i l  can e f f e c t i v e l y  
e l  im ina te  pathogenic microorganisms. F i l t e r i n g  a t  t h e  s o i l  sur face and a t  
i n t e r g r a i n  contacts ,  and sedimentat ion and so rp t i on  by s o i l  p a r t i c l e s  are the 
major  removal mechanisms f o r  bac ter ia .  Bouwer and Chaney [ lo ]  s ta ted  t h a t  
f eca l  c o l i f o r m  b a c t e r i a  are genera l l y  removed a f t e r  2 t o  3 i n .  (5 t o  7.5 cm) 
o f  t r a v e l  i n  s o i l s .  Coarse s o i l s  and h igh  r a t e s  o f  a p p l i c a t i o n  may make 
100 f t  (30  m) o r  more o f  t r a v e l  necessary f o r  complete removal l111. 
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Table 10. TRACE ORGANICS IN GROUNDWATER DOWNSTREAM OF 
SPREADING BASINS OF WHITTIER NARROWS, C A L I F O R N I A  [ 12 ]

Concentrations in pg/L 

Wklls 
 

Unchlorinated Chlorinated 
  

Target compound 6-V-W 8-V-W 11-V-W 15-V-W 16-V-W 10-V-W 12-V-W
 

Vinyl Chloride <1 <1 <1 <1 <1 <1 <1 
Me thy1ene Ch 1or i  de 2 . 2  39.2 1.6 3.8 1.6 1.6 1 .8  
1 , l -dichloroethane CO.1 co.1 co.1 <0.1 <0.1 0.8 0.8 
Chloroform 2.6 7.2 1.8 1.0 0.4 7.2 <O. 4 
1.2-dichloroethane co.2 <0.2 c0.2 <0.2 c0.2 <o. 2 <0.2 
Carbon t e t r ach lo r ide  -- 0.2 0.6 ~ 0 . 1  ~ 0 . 2  <o. 2 <o. 1 
Bromodichl oromthane 0.2 ~ 0 . 2  0.2 0.2 3.6 <o. 1 0.2 
Tri chl oroethylene 2 . 3  1 .0  1.6 1 . 2  ~ 0 . 1  <0.2 <0.2 
Dibromochl oromthane <0.1 <0.1 0.4 0.6 <0.1 >50 2.7 
1 .1 .2- t r ichloroethane CO.2 co.2 <0.2 <0.2 <0.2 co.2 <o. 2 
Benzene 0.9 CO.1 co.2 CO.2 co.1 <0.2 <0.2 
B romoform 0 .4  <0.1 0.4 ~ 0 . 1  1.2 >40 <o. 1 
To 1uene 0.2 co.1 <0.1 co.1 co.1 <o. 1 <o. 1 
Chl orobenzene <0.1 <0.1 <0.1 <0.1 <0.1 <o. 1 <o. 1 
1,4-di chl orobenzene 0.7 <0.2 <0.2 co.2 0.2 <o. 2 0.7 
1 .Z-dichlorobenzene <0.1 CO.1 <0.1 CO.1 1.2 <o. 1 0.9 
Te t r ach l  oroe thylene 0 .8  1.2 1.1 0.4 0.5 0.4 0.4 

Unlike bacteria,  adsorption i s  probably the predominant factor in virus 
 
removal by so i l .  Factors such as pH of the media, presence of cations, and 
  
presence of ionizable groups on the virus a f fec t  t h i s  mechanism. Once 
 
retained in the s o i l ,  viruses survive f o r  up  t o  6 months [ lo] .  Land treatment 
 
s i t e s  a t  which enter ic  viruses have been detected in the groundwater are 
  
l i s t e d  in Table 11. I t  should be noted t h a t  the systems a t  Vineland, New
 
Jersey, and F t .  Devens, Massachusetts, operate w i t h  undisinfected primary
 
municipal effluent.  Factors t h a t  may influence bacterial and viral  survival 
 
in s o i l s  are shown i n  Table 12 .  
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T a b l e  11. REPORTED I S O L A T I O N S  OF VIRUS BENEATH 
LAND TREATMENT S I T E S  [131 
  

Distance o f  v i r u s  
m ig ra t i on ,  ft, 

S i t e  l o c a t i o n  V e r t i c a l  H o r i z o n t a l  

S t .  Petersburg, 20 --
F1ori da 
cypress Dome, 10 23 
F1o r i  da 
F o r t  Devens, 60 600 
Massachusetts 
V i n e l  and , 55 820 
New Jersey 
East Meadows, 37 10 
New York 
Holbrook, 20 150 
k w  York 

T a b l e  12. 

F a c t o r  

PH 

Antagonism 
f r o m  s o i l  
mi crof1ora 
&I sture 
cont e n t  

Temperature 

S u n l i g h t  

Organlc 

FACTORS THAT AFFECT THE SURVIVAL OF ENTERIC 

BACTERIA 

B a c t e r i a  

V l ruses 
B a c t e r i a  
V l ruses 

B a c t e r i a  
and 
v lruses 
B a c t e r i a  
and 
v i ruses  
B a c t e r i a  
and 
v l  ruses 
B a c t e r i a  
and 
v l  ruses 

AND 
 VIRUSES I N  SOIL [13] 

Remarks 

S h o r t e r  s u r v l v a l  i n  a c l d  so i l s  (pH 3 t o  5 )
than i n  n e u t r a l  and a l k a l i n e  s o i l s  
I n s u f f i  c l e n t  data 
Increased s u r v i v a l  t ime  i n  s t e r i l e  s o i l  
I n s u f f1c l  ent data 

Longer s u r v i v a l  In mist s o i l s  and d u r i n g  
pe r iods  o f  h l g h  r a l n f a l l  

Longer s u r v i v a l  a t  low ( w i n t e r )  termperatures 

Shor te r  s u r v i v a l  a t  the s o i l  su r face  

Longer s u r v i v a l  ( regrowth  o f  some t ypes  o f  
b a c t e r i a  when s u f f i c i e n t  amounts o f  organic 
m a t t e r  a r e  p r e s e n t )  
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Organic n i t rogen  compounds i n  wastewaters app l ied  t o  s o i l  a re  q u i c k l y  o x i d i z e d  
t o  the  n i t r a t e  form under aerobic condi t ions.  Under anaerobic cond i t ions ,  
n i t r a t e s  may be d e n i t r i f i e d  and n i t rogen  removed as a gas. 

D e n i t r i f i c a t i o n  does r e q u i r e  anaerobic cond i t i ons  and the presence o f  an 
a v a i l  ab le carbon source. Land appl i c a t i o n  systems may be operated t o  maximize 
deni  t r i f i c a t i o n ;  however, the unpred ic tab i l  i t y  o f  stormwater makes such 
opera t ion  d i f f i c u l t  ifn o t  impossible.  Therefore, n i t r o g e n  removal by 
p e r c o l a t i n g  stormwater i s  l i k e l y  t o  be poor. 

I n  c o n t r a s t  t o  n i t rogen,  the behavior o f  stormwater app l ied  phosphorus i s  
c o n t r o l l e d  p r i m a r i l y  by chemical, r a t h e r  than b i o l o g i c a l  reac t ions .  Solub le 
orthophosphate can be chemica l l y  adsorbed onto s o i l  sur faces o r  d i r e c t l y  
p r e c i p i t a t e d .  I n  the adsorpt ion process , orthophosphates r e a c t  w i t h  i ron ,  
aluminum, o r  ca lc ium ions  exposed on s o i l  surfaces. Over t ime, reac t i ons  
occur t h a t  use adsorbed orthophosphate to form phosphate m ine ra l s  w i t h  low 
s o l u b i l i t i e s .  This, coupled w i t h  the c r e a t i n g  o f  new s o r p t i o n  s i t e s ,  by 
a1 t e r n a t i n g  d ry ing  and wet t ing ,  regenerates new s i t e s  f o r  adsorpt ion.  
Phosphorus removals can range from 70 t o  99%. 

I n  a d d i t i o n  t o  t o x i c  organic  p o l l u t a n t  removals discussed above, s o i l s  have 
been e f f e c t i v e  i n  reducing the  concentrat ions o f  t r a c e  elements i n  p e r c o l a t i n g  
water over l i m i t e d  per iods o f  time. However, the  long- term a b i l i t y  t o  remove 
meta ls  i s  questioned, as s o i l  so rp t i on  s i t e s  are thought t o  become saturated.  
Removal mechanisms f o r  several t race  elements are shown i n  Table 13. 

OPERATIONS 

As wi th  most stormwater p o l l u t a n t  c o n t r o l  f a c i l i t i e s ,  the  major  opera t iona l  
problems w i t h  ponds center  around hand1 i n g  o f  captured so l  ids.  I n l e t  and 
out1e t  s t ruc tu res  a1 so can present  opera t iona l  problems. Other opera t iona l  
concerns f o r  d ry  ponds inc lude  maintenance o f  vege ta t i ve  cover  through 
a1 t e r n a t i n g  we t t i ng  and d ry ing  per iods,  con t ro l  o f  i nsec ts ,  and maximizing 
a v a i l  a b i l  ity  o f  the pond f o r  a1 t e r n a t i v e  uses. 

The problem o f  sol i d s  depos i t i on  i n  i n t e r m i t t e n t l y  used f l o o d  c o n t r o l  bas ins 
has been recognized f o r  some time. Often, such f a c i l i t i e s  a re  cons t ruc ted  
w i t h  forebays i n  an at tempt t o  concentrate the sol  i d s  f o r  eas ie r  removal. Dry
ponds may be cons t ruc ted  i n  se r ies  w i t h  a de ten t ion  storage/sedimentat ion 
f a c i l i t y  ahead o f  the pond. Dur ing small volume r u n o f f  events, the  heav ies t  
s o l i d s  are captured i n  the  de ten t ion  f a c i l i t y  and re tu rned  t o  the  sewers f o r  
t reatment .  The s e t t l e d  over f low i s  a l lowed t o  i n f i l t r a t e  and pe rco la te  from 
the ponds. For ponds i n  which stormwater con t ro l  i s  t he  exc lus i ve  use, 
f requent  d i s c i n g  o f  the pond bottom w i l l  a i d  aerobic decomposition of b iode­
gradable s o l i d s  and d isperse the  captured s o l i d s  through a t h i c k e r  l a y e r  of  
the s o i l .  Th is  w i l l  reduce sur face c logging.  No mat ter  what the a1 t e r n a t i v e  
use o f  the  d ry  ponds, d i s c i n g  o r  s c a r i f y i n g  o f  the bottom sur face must be 
p r a c t i c e d  p e r i o d i c a l l y  t o  ma in ta in  i n f i l t r a t i o n  capac i ty ,  
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Tab le  13. REMOVAL MECHANISMS OF TRACE ELEMENTS I N  SOIL [13] 

P r i n c i p a l  forms i n  s o i l  

Trace elements Sol u t i  011 P r i n c i p a l  removal mechanism 

Ag ( s i l v e r )  P r e c i p i t a t i o n  

As ( a r s e n i c )  	  Strong a s s o c i a t i o n  wi th  c l a y  f r a c t i o n  o f  
s o i l  

Ba (barium) 	  P r e c i p i t a t i o n ,  s o r p t i o n  i n t o  metal 
ox ides and hydrox ides 

Cd (cadmium) Cd+2, complexes, chelates I o n  exchange, s o r p t i o n ,  p r e c i p i t a t i o n  
Co ( c o b a l t )  co+2, Co+3 	 Surface so rp t i on ,  su r face  complex i o n  

format ion,  l a t t i c e  pene t ra t i on ,  i o n  
exchange, c h e l a t i o n ,  p r e c i p i t a t i o n  

C r  (chromium) cr+3, cr+6, Cr209-2, Cr0c2 Sorp t i on ,  p r e c i p i t a t i o n ,  i o n  exchange 

cu (copper) Cu", Cu(OH)+, a n i o n i c  che la tes  	 Surface s o r p t i o n ,  su r face  complex i o n  
format ion,  i o n  exchange, c h e l a t i o n  

F . ( f l u o r i n e )  F- Sorpt ion,  p r e c i p i t a t i o n  
Fe ( i r o n )  Fe+2, Fe+3, po lymer ic  forms surface s o r p t i o n ,  su r face  complex i o n  

Hg . (mercu ry )  	  Vol a t i  1izat ion, so rp t i on ,  
m i crobia 1 deg radation 

chemi c a l  and 

K (manganese) 	 Surface s o r p t i o n ,  su r face  complex i o n  
format ion,  i o n  exchange, c h e l a t i o n ,  
p r e c i p i t a t i o n  

N i  ( n i c k e l )  N i + 2  Surface s o r p t i o n ,  i o n  exchange, c h e l a t i o n  
Pb ( l ead )  Pb+2 	 Surface s o r p t i o n ,  i o n  exchange, c h e l a t i o n ,  

p r e c i p i t a t i o n  
Se (se len ium) ~ e 0 3 - 2 ,  Se04-' F e r r i c  o x i d e - f e r r i c  s e l e n i t e  complexation 
Zn ( z i n c )  Zn", complexes, chelates 	  Surface s o r p t i o n ,  su r face  complex i o n  

format ion,  l a t t i c e  pene t ra t i on ,  i o n  
exchange, c h e l a t i o n ,  p r e c i p i t a t i o n  

V e g e t a t i v e  cover  on d r y  ponds serves a v a r i e t y  o f  purposes. The most obv ious 
i s  t o  make t h e  pond more a e s t h e t i c a l l y  acceptable and t o  a l l o w  a l t e r n a t i v e  
uses such as a t h l e t i c  f i e l d s .  I n  a d d i t i o n ,  v e g e t a t i o n  can supply  some removal 
o f  p o l l  u t a n t s ,  p a r t i c u l  a r l y  n i t r o g e n ,  by p l a n t  uptake and v e g e t a t i o n  he1ps t o  
m a i n t a i n  h i g h  i n f i l t r a t i o n  r a t e s .  The e f f e c t s  o f  v e g e t a t i o n  on i n f i l t r a t i o n  
r a t e s  are i l l u s t r a t e d  i n  F i g u r e  22. The v e g e t a t i o n  prevents  r e d u c t i o n  o f  t h e  
i n f i l t r a t i o n  c a p a c i t y  th rough compaction o f  t h e  s o i l  sur face.  S u c c e s s f u l l y  
used v e g e t a t i o n  i n c l u d e s  fescue, perenn ia l  rye ,  and bermudagrass. 
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F i g u r e  22. E f f e c t  o f  v e g e t a t i o n  on s o i l  
i n f i l  t r a t i o n  r a t e s  C31. 

The a l t e r n a t i v e  uses and the  sur round ing  l a n d  uses w i l l ,  t o  a l a r g e  e x t e n t ,  
 
determine t h e  o p e r a t i o n a l  schedule and requirements.  Heavy d e p o s i t s  o f  
 
o r g a n i c  s o l i d s  may produce odors as t h e y  decompose and should be prevented. 
 
The obvious presence o f  depos i ted  sol i d s  may a l s o  be v i s u a l l y  o b j e c t i o n a b l e .  
 

The major  o p e r a t i o n s  c o n s i d e r a t i o n s  f o r  wet ponds a r e  sediment hand1 i n g  and 
 
removal, c o n t r o l  o f  f l o a t i n g  m a t e r i a l s ,  e r o s i o n  o f  the  pond banks, a lgae and 
 
a q u a t i c  weed c o n t r o l ,  p r e v e n t i o n  o f  nu isance odors, and c o n t r o l  o f  i n s e c t s .  
 

As was t h e  case w i t h  d r y  ponds, t h e  m a j o r  o p e r a t i o n a l  problem w i t h  wet ponds 
 
i s  sediment h a n d l i n g  and removal. D e p o s i t i o n  o f  m a t e r i a l s  near  the  pond 
 
i n l e t s  can r e s u l t  i n  b u i l d u p  o f  s ludge banks, g e n e r a t i o n  o f  odors as t h e  
 
d e p o s i t e d  s o l i d s  decompose, and l o s s  o f  pond volume. I n  a d d i t i o n ,  t h e  
  
i n f i l t r a t i o n  r a t e  o f  water  th rough t h e  pond bottom may decrease. 
 

Because wet ponds do c o n t a i n  water  a l l  the  t ime,  removal o f  s ludge banks and 
 
s c a r i f y i n g  o f  t h e  pond bottom i s  much more d i f f i c u l t  than f o r  d r y  ponds. 
 
C o n s t r u c t i o n  o f  a fo rebay  o r  sed imenta t ion  bas in  i n  f r o n t  o f  the  wet pond i s  
 
t h e  most e f f e c t i v e  method o f  s o l  i d s  c o n t r o l .  The pond may a1 so be p e r i o d i ­ 
 
c a l l y  dredged o r  even d r a i n e d  and the s o l i d s  removed. 
 

F l o a t i n g  m a t e r i a l s  i n  t h e  stormwater may a l s o  p r e s e n t  an o p e r a t i o n a l  
  
problem. F1o a t i n g  m a t e r i a l  s may c l  og pond out1 e t s  o r  over f lows,  may i n t e r f e r e  
 
w i t h  oxygen t r a n s f e r  a t  the  pond s u r f a c e  ( r e s u l t i n g  i n  anaerobic c o n d i t i o n s  
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and odors )  , and may p r o v i d e  c o n d i t i o n s  s u i t a b l e  t o  i n s e c t  b reed ing .  F l o a t i n g  
m a t e r i a l s  a re  a1 so u n s i g h t l y .  F l o a t i n g  m a t e r i a l s  may be c o n t r o l l e d  b y  
p resc reen ing  and/or i n s t a l l a t i o n  of a f l o a t i n g  boom (see  F i g u r e  2 3 )  near  the  
pond i n l e t .  The boom must  be c leaned a f t e r  each r u n o f f  event .  

F i g u r e  23. F l o a t i n g  m a t e r i a l  t rapped  by l o g  boom. 

E r o s i o n  o f  t h e  pond banks may r e s u l t  f rom wave a c t i o n  p a r t i c u l a r l y  if t h e  pond 
i s  l a r g e  and exposed t o  winds. E r o s i o n  problems a r e  p r i m a r i l y  t h e  r e s u l t  o f  
n e g l e c t  o f  s u r v e i l l a n c e  and maintenance. The maintenance o f  p roper  grass 
cove r  and r i p r a p  m in im izes  t h e  problem. 

Aqua t i c  p l a n t s  have b o t h  d e s i r a b l e  and u n d e s i r a b l e  e f f e c t s  i n  ponds. The 
weeds may e x e r t  a s i g n i f i c a n t  oxygen demand as t h e y  decompose. I n  a d d i t i o n ,  
t hey  a re  o f t e n  u n s i g h t l y .  They p r o v i d e  a s u i t a b l e  h a b i t a t  f o r  i n s e c t  
b reed ing .  Woody p l a n t s  and t r e e s  t e n d  t o  weaken d i k e s  b y  t h e i r  r o o t  growth.  
On t h e  o t h e r  hand, marsh t r e a t m e n t  systems r e l y  on a q u a t i c  p l a n t s  t o  uptake 
n u t r i e n t s  f rom wastewater and t o  promote s e t t l  i n g  b y  enhancing q u i e s c e n t  
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conditions. Maintenance of 2 f t  (0 .6  m )  of water depth will discourage growth  
of weeds. Weeds growing from the pond bottom should be pulled and removed, 
rather t h a n  sprayed or cut ,  since the decaying material may exert  a 
s ignif icant  oxygen demand. 

Control of a1 gae g rowth  i s  another important operational consideration. Algae 
blooms, sudden and extreme growth usually of blue-green algae, tend t o  die-off 
with a rapidity equal t o  t h a t  of the growth .  The dead algae then furnish an 
extremely large and sudden oxygen demand, frequently producing anaerobic 
conditions and odor problems. Algae blooms may be controlled by the use of  
chemicals o r  certain algaecides approved by the USEPA. 

Insects commonly found near retention ponds incl ude mosquitoes, midges, 
beetles,  and dragonfl ies. Insect generation occurs in she1 tered areas or 
quiescent portions of the pond where there may be substantial growth of rooted 
plants or layers of scum. The basic measures fo r  insect control are control 
o f  weeds and scum and prevention of s t a g n a n t  conditions. Insecticides also 
may be used, as shown in Table 14. If insecticides are used, 1 or 2 days of 
contact time i s  usually required. Prolonged contact periods will lessen the 
dose required for equal effect .  

Table 14. SOME INSECTICIDES USED FOR 
LAGOON INSECT CONTROL [71  

Insect  I n s e c t l c l d e  Appl lcatfon r a t e  

Culex Dursban 1 mg/L 
h s q u l  toes Waled 1 q / L  

Fenthion 1 mg/L 

Abate 
 1 ng/L 

Diesel  o i l  
  6 t o  8 gal /acre 
Malathlon 
  2% sprayed around edge 

Abate 
 2% sprayed around edge 
BHC
 Dust, 3% g a m  isomer 

M l dges 	 Fenthion As d l r e c t e d  on package 
(Baytex) 
Abate As d l rec ted  on package 
Sursban As d i r e c t e d  on package 

'Shrfnp- l lke" Dlbrom-8 
 As d l r e c t e d  on package 
insects ; 
 
a l g a l 
  
predators 
  

COSTS 

The costs of  constructing dry or wet retention/percol ation ponds may .be 
estimated using the curves shown i n  Figures 24 and 25. The cost  curves are 
based on construction costs for  r a p i d  i n f i l t r a t ion  basins and storage ponds 
for  disposal of domestic wastewater. Land costs are n o t  included. These 
costs  should be used for preliminary estimates only. Actual costs depend on 
the in i t i a l  conditions of  the s i t e  and the dual uses of the pond,  par t icular ly
recreation uses. Operation and maintenance costs f o r  e i ther  type of basin are 
highly s i t e  specific and depend on stormwater poll u t a n t  concentrations, 
frequency of  runoff events, and  dual f a c i l i t y  uses. 
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Section 6 

DESIGN OF DETENTION FACILITIES 

INTRODUCTION 

Many communities throughout North America have stormwater runoff and flooding 
problems according t o  a recent APWA survey [ l ] .  For example, nearly half of 
the respondents stated t h a t  disposal of stormwater runoff i s  a problem, w i t h  
basement flooding a serious problem experienced i n  more than half the 
comnuni t i e s .  Some of the problems identified incl ude soil erosion;
sedimentation; flooding of commercial and industrial  property, places of human 
habitation, s t r e e t s ,  intersections,  and highway underpasses; bridge and s t r e e t  
washouts; recurring basement backups from surcharged sanitary sewers, 
a t t r ibu tab le  t o  i l l i c i t  roof and foundation drain connections, and from 
combined sewers; inflow and i n f i l t r a t ion  of stormwater into sanitary sewers; 
wastewater trea,tment p l a n t  bypassing and overflows of stormwater and wastes 
from combined sewers. The consequences of these problems include loss of 
human 1i f e  and damage t o  real and personal property; health hazards; delays of 
emergency vehicles and workers reaching p l  aces of employment; cleanup demands 
on municipal i t i e s  and ci t izens;  adverse e f fec ts  on the aesthet ics  of natural 
areas and urban environments; personal inconvenience; pol 1ution threats  t o  
groundwater suppl  ies; disruption of ecological balances; disturbance o f  
wildl i fe  habitats;  loss  of animal l i f e ;  and ecqnomic losses associated w i t h  
the problems identified above [ZI. 

To a l lev ia te  these problems, p l a n n i n g  for stormwater detention i s  often par t  
of the overall stormwater management plan. For example, of the drainage 
master plans reported, more than ha1 f incl uded the development of detention 
faci l  i t i e s .  Two hundred nineteen publ ic agencies reported having detention 
f a c i l i t i e s ;  the number and type are l i s t ed  in Table 15. A total  of 12,683 
faci l  i t i e s  were reported, an average of 58 per community. Nearly 40% of those 
communities without detention f a c i l i t i e s  said tha t  f a c i l i t i e s  are being b u i l t ,  
are in the planning stage, or have been considered and are a pr ior i ty  item for  
the near future. 

Objectives reported by the publ ic agencies for establishing detention 
f a c i l i t i e s  are  given i n  Table 16 [ l ] .  Reducing the cos t  of drainage systems 
and reducing pollution from stormwater are two of the top seven objectives on 
the l i s t .  

Stormwater detention storage delays excess runoff and attenuates peak flows i n  
the surface drainage system. T h i s  storage, because of sedimentation d u r i n g
detention, can also be considered a treatment process. 
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Tab le  15. DETENTION FACILITIES I N  USE I N  
THE UNITED STATES AND CANADA [l] 

T o t a l  I n  use P r iv r t e  Public 
~~ 

Type o f  f a c i l i t y  No. s No. S 

Dry basin 
 6.053 47.8 4.913 81 1.140 1 9 '  
Parking l o t  
  3,134 24.7 2,982 95 152 5 

Pond 
 2,302 18.8 1.199 50 1.183 50 

Rooftop storage 
 694 5.5 644 93 50 7 
Underground tank 
 160 1.3 142 89 18 11 

Oversized seycr 
 135 1.0 83 61 52 39 

Underground tunnel 
 9 0.1 8 89 1 11 
' Other 3 0.9 64 55 -52 45 

Totdl  12,683 10,035 79 2,648 21 

Table 16. OBJECTIVES I N  R E Q U I R I N G  DETENTION [l] 

Objective Rankn 

Reduce downstream f l o o d i n g  100 
Reduce cost  of dralnage systems 
 71 
Reduce onsi t e  f lood ing  
 70 
Reduce r o l l  eroslon 
  66  
capture s i l t  
  64 
 
Improve o n s j t e  dralnage 
 6 3  
Reduce p o l l u t i o n  from stormrater  
 56 
Improve aes the t lcs  
 53 
Enhance recrea t iona l  opportunl t i e s  
 51 
Rep1en i  sh groundwater 
 42 
Supplement domestic water supply 
  36 
Capture water for I r r i g a t i o n  
  35 
Other 
  22 

a.  	  I n  order o f  importance using 100 as 
" m s t  important ."  

The s i z i n g  o f  d e t e n t i o n  f a c i l i t i e s  a1 so r e q u i r e s  c o n s i d e r a t i o n  o f  a d d i t i o n a l  
  
parameters such as des ign storms, s i t e  c o n s t r a i n t s ,  and o u t f l o w  r a t e s .  
 
Whenever p o s s i b l e ,  t h e  "des ign storm'' should c o n s i s t  o f  a con t inuous  
  
h i s t o r i c a l  o r  syn thes ized r a i n f a l l  r e c o r d  t h a t  i s  t y p i c a l  o f  any long- te rm 
 
r a i n f a l l  record.  The use o f  s t a t i s t i c a l  r a i n f a l l  i n t e n s i  t y - d u r a t i o n - f r e q u e n c y  
 
r e l a t i o n s h i p s  should be avoided except  f o r  an i n i t i a l  rough-cut  e s t i m a t e  s i n c e  
  
t h i s  approach does n o t  account f o r  t h e  e f f e c t s  o f  s h o r t  i n t e r v a l s  between 
 
storms. Actual  h i s t o r i c a l  r a i n f a l l  r e c o r d s  s e l e c t e d  may be based on t h e  
  
h o u r l y  i n t e n s i t y ,  storm d u r a t i o n ,  t o t a l  r a i n f a l l  f o r  t h e  storm, o r  any 
 
combinat ion  o f  these. S i t e  c o n s t r a i n t s  t o  be cons idered f o r  d e t e n t i o n  s to rage 
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I 

f a c i l i t i e s  include t r ibutary area, topography, local land use, and area 
available for the structure or b a s i n .  The outflow ra te  from the detention 
f a c i l i t y  may be based on the capacity ( s i z e  and slope) of the drainage channel 
or conduit downstream, the capacity of a treatment f a c i l i t y  downstream, or a 
regulatory l imitation. An example of a regulatory l imitat ion m i g h t  be t h a t  
the ra te  of runoff from a developed piece o f  property be no more than t h a t  
before the property was developed. 

Onsi t e  Detention 

The concept of onsite detention was presented i n  Section 3 .  Typical examples 
o f  onsite storage i n c l u d e  rooftops, plazas, parking lo t s  a n d  s t r e e t s ,  drainage 
swal es , bl ue-green storage, check dams, underground s t ructures ,  and 
mu1 tipurpose detention reservoirs. 

Many municipal i t i e s ,  h a v i n g  faced the resu l t s  of increased stormwater runoff 
volumes and rates from urban development, are now enacting ordinances 
requiring developers t o  l imi t  the rate of stormwater runoff from developed 
areas. An example of such an ordinance i s  t h a t  enacted by the Metropolitan 
S a n i t a r y  D i s t r i c t  of  Greater Chicago ( M S D G C ) .  

The MSDGC ordinance l imits  the peak ra te  o f  runoff from newly developed areas 
t o  tha t  which would occur on the l a n d  i n  i t s  undeveloped s t a t e  as a r e su l t  o f  
the 3-year frequency rain storm. Any amount exceeding tha t  must be stored fo r  
gradual release. Detention facil  i t i e s  must be designed t o  handle the 100-year 
storm without flooding. 

In-System Detention Storaqe 

The concept of in-system detention storage was presented i n  Section 3 .  
Typical examples of in-system detention include inl ine storage ( the  use of 
available volume i n  t r u n k  sewers, interceptors,  and tunnels to store 
stormwater or combined sewage) and of f l ine  storage (open or covered basins, 
caverns, mined labryinths,  and lined or unlined tunnel 5 ) .  

Overflows from combined sewer systems without s t o m a t e r  detention control s 
generally occur whenever the rainfal l  intensi ty  a f t e r  the time of concen­
t ra t ion  for  the t r ibutary area exceeds 0.02 to  0.03 i n . / h  (0.05 t o  0.07 
cm/h). This occurs because the peak treatment ra te  a t  plants serving combined 
sewer systems i s  usually about 1.5 times the dry-weather flow. Because 
combined sewers are designed to  carry maximum f lows  occurring, say, once in 5 
years (50 to  100 times the average dry-weather flow),  du r ing  most storms there  
will  be considerable unused vol ume within the major conduits. 

Inline storage i s  provided by res t r ic t ing  the flow w i t h  s t a t i c  or dynamic
regulators. The instal  1ation of regulator devices can create s ignif icant  
i n 1  ine storage. Stat ic  regulators,  such as the Hydrobrake, Steinscruv, 
bulkheads w i t h  o r i f i ce s ,  weirs, e tc . ,  can be used t o  generate in1 ine storage 
without  control s .  
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Dynamic regu la to rs ,  such as s l  u i c e  gates, Fabridams, etc., usual l y  r e q u i r e  
  
soph is t i ca ted  mon i to r ing  and c o n t r o l  systems. Dynamic r e g u l a t o r s  t h a t  operate 
 
based on i n t e r c e p t o r  capac i ty  can reduce over f lows w i t h o u t  soph is t i ca ted  
  
mon i to r i ng  and con t ro l  systems. 
 

Large in1 i n e  storage i n s t a l l a t i o n s  such as S e a t t l e ' s  CATAD system o r  
 
Minneapol is-St. Paul ' s use computers t o  c o n t r o l  mu1 t i p 1  e dynamic regu l  a t o r s  
 
[ 3 ,  41. These systems inc lude ( 1 )  remote f l o w  and l e v e l  sensors; ( 2 )  s igna l  
  
t ransmission; ( 3 )  d i s p l a y  and data logg ing ;  ( 4 )  c e n t r a l i z e d  c o n t r o l  
 
c a p a b i l i t y ;  and ( 5 )  i n  the case o f  f u l l y  automated c o n t r o l ,  a computer program 
 
capable o f  making dec is ions  and execut ing c o n t r o l  op t ions .  
 

O f f l i n e  storage as app l ied  i n  Chicago [ S I ,  New York City [6], and Milwaukee 
 
[71, f o r  example, does n o t  r e q u i r e  such soph is t i ca ted  c o n t r o l  s. These systems 
 
genera l l y  use pumping s t a t i o n s  f o r  c o n t r o l 1  i n g  the discharge. Thus, 
 
soph is t i ca ted  computer con t ro l  o f  the  o f f l i n e  s torage i s  n o t  requ i red .  
  

Hybr id  storage, such as t h a t  used i n  San Franc isco [81, incorpora tes  i n l i n e  
 
storage tunnel  s ( i n  e f f e c t ,  g r e a t l y  overs ized t r a n s p o r t  condu i ts )  w i t h  a pump 
 
s t a t i o n  a t  the end f o r  discharge c o n t r o l .  The u t i l i z a t i o n  o f  the  s torage i s  
 
c o n t r o l l e d  by the water l e v e l  s e t t i n g s  f o r  the pump c o n t r o l s  a t  the  pump 
 
s ta t i on .  
  

DESIGN CONSIDERATIONS 

Urban stormwater r u n o f f  and combined sewer over f lows can be c o n t r o l  1ed through 
implementat ion o f  storage as a means o f  source c o n t r o l  ( o n s i t e  de ten t i on )  o r  
in-system con t ro l .  Func t i ona l l y ,  t he  a p p l i c a t i o n  o f  o n s i t e  de ten t i on  d i f f e r s  
l i t t l e  from in-system storage o the r  than the  l o c a t i o n  where the  s torage 
occurs. However, w h i l e  o n s i t e  de ten t i on  i s  used p r i m a r i l y  t o  min imize the 
c o s t  o f  cons t ruc t i ng  new storm sewers t o  serve a develop ing area, in-system 
storage i s  genera l l y  used t o  decrease the frequency and volume o f  over f lows 
from combined sewer systems. O f f l i n e  s torage can be used t o  s e l e c t i v e l y  
capture  and d i r e c t  t o  the t reatment  p l a n t  a p o r t i o n  o f  the s tormf low (i.e., a 
f i r s t  f l u s h  contaminant load) .  

Fac tors  t o  be considered i n  the  design o f  o n s i t e  s to rage f a c i l i t i e s  a re  
( 1 )  t r i b u t a r y  area, ( 2 )  storage area and volume, ( 3 )  s t r u c t u r a l  i n t e g r i t y ,  and 
(4) r e s p o n s i b i l i t y  o f  t he  owner. Fac tors  t o  be considered i n  the  des ign o f  
in-system storage f a c i l i t i e s  a re  ( 1 )  s i z e  and slope o f  sewers, (2 )  peak 
f lowrates,  ( 3 )  c o n t r o l  s ,  and ( 4 )  resuspension o f  sediment. 

T r i b u t a r y  Area 

The s i z e  o f  the t r i b u t a r y  area determines the volume o f  water from a g iven 
storm t h a t  w i l l  have t o  pass the  d ischarge po in t .  The r u n o f f  volume i s  a 
f u n c t i o n  o f  the amount o f  r a i n f a l l ,  the  e x t e n t  and na ture  o f  t he  topography 
and land  cover, and the s i z e  o f  the  t r i b u t a r y  area. 

I n  the cases of roof top and park ing  l o t  storage, t h e  t r i b u t a r y  area i s  u s u a l l y  
the  actual  roo f top  o r  park ing  l o t  sur face  area (i.e., no a d d i t i o n a l  t r i b u t a r y  
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area) ,  However, the t r i b u t a r y  area f o r  plaza, underground s t ruc tu re ,  and 
 
mu1t ipu rpose  de ten t ion  f a c i l  i t i e s  u s u a l l y  inc ludes add i t i ona l  area surrounding 
  
the  f a c i  1it y  it s e l  f. 
 

Storage Area and Volume 
 

The area and volume a v a i l a b l e  fo r  de ten t i on  s torage depend on the  topography 
 
o f  the  p a r t i c u l a r  s i t e .  I n  the  case o f  roo f tops ,  t he  area a v a i l a b l e  i s  f i x e d  
 
by the  geometry o f  the b u i l d i n g .  The volume i s  l i m i t e d  by the r o o f t o p  area 
 
and the  depth o f  water t h a t  can be supported w i t h o u t  endangering the  
  
s t ruc tu re .  
  

For park ing  l o t s ,  p lazas, and mul t ipurpose de ten t i on  rese rvo i r s ,  the  s torage 
 
area i s  l e s s  we l l  de f ined s ince a l l  o r  o n l y  p o r t i o n s  o f  the area may be used 
 
depending on the nature o f  the  s i t e  o r  the des i res  o f  the b u i l d e r .  There i s  
 
u s u a l l y  more l a t i t u d e  a v a i l a b l e  f o r  inc reas ing  the  de ten t i on  volume f o r  these 
 
f a c i l i t i e s  by ad jus t i ng  depth t o  which the  water i s  al lowed t o  pond. 
 

Underground storage s t ruc tu res  may inc lude  concrete , f i b e r  g lass,  o r  metal  
  
tanks and p ipe  bundles f o r  storage. The storage volume depends on the sur face  
 
area and depth o f  the tank o r  on the  diameter and l e n g t h  o f  p ipe  bundle. The 
 
des i red  s torage vo l  ume can be accommodated by v a r y i n g  the dimensions as 
 
necessary. I n  most cases, the  depth o f  such s t r u c t u r e s  i s  l i m i t e d  by the  
 
topography and the l o c a t i o n  o f  the sewer t o  which the  s t r u c t u r e  must 
 
discharge. 
  

S t r u c t u r a l  Considerat ions 
 

Each o f  these f a c i l  i t i e s  requ i res  somewhat d i f f e r e n t  s t r u c t u r a l  
 
cons idera t ions .  Rooftops are l i m i t e d  b y  the  b u i l d i n g  code design l o a d  and t h e  
 
need t o  p revent  leaks  i n t o  the s t r u c t u r e  below. The pavement and base f o r  
 
park ing  l o t s  must be c a r e f u l l y  designed and const ructed.  The s t r u c t u r a l  
 
i n t e g r i t y  o f  the pavement can be jeopard ized and t h e  se rv i ce  l i f e  d r a s t i c a l l y  
 
reduced because o f  the presence o f  water i n  the  pavement base. Plazas, 
 
underground s t ruc tu res ,  and mul t ipurpose de ten t i on  r e s e r v o i r s  must be designed 
 
t o  a l l ow  access f o r  sediment and debr i s  removal. O u t l e t  s t r u c t u r e s  must a1 so 
 
be designed t o  f i t  the s p e c i f i c  app l i ca t i on .  
 

ResDonsibil i t v  o f  the  Owner 

Even when the designer has prov ided f o r  maintenance o f  a de ten t i on  f a c i l i t y ,
i t  i s  n o t  always easy t o  determine who i s  respons ib le  f o r  per forming t h e  
maintenance. For roo f top  de ten t ion  o r  f o r  a bas in  o r  tank serv ing  an 
apartment complex o r  a comnercial complex, the ownership and the maintenance 
r e s p o n s i b i l i t y  i s  e a s i l y  determined. However, f o r  t he  o the r  types o f  
f a c i l i t i e s ,  t h i s  may n o t  be t rue .  A bas in  may be owned by a number o f  
i n d i v i d u a l s  as p a r t  o f  t h e i r  house l o t s .  The homeowners, i n d i v i d u a l l y ,  a re  
n o t  a l e g a l  e n t i t y  t h a t  can be fo rced t o  ma in ta in  such a s t ruc tu re .  To 
prevent  t h i s ,  a developer can donate the  de ten t ion  f a c i l  i t y  t o  the 
m u n i c i p a l i t y ,  which must then prov ide  the  maintenance. 
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SloDe and Size o f  Sewers 

To make the  most e f f e c t i v e  use o f  the unused volume i n  combined sewers, the 
condu i ts  used f o r  i n l i n e  storage should be as l a r g e  as poss ib le  and have 
r e l a t i v e l y  f l a t  grades. The f l a t t e r  the grade, the f a r t h e r  upstream the 
backwater e f f e c t  created by the f low c o n t r o l  device w i l l  extend. Also, t he  
l a r g e r  the diameter o f  the condui t ,  the more s torage volume i s  a v a i l a b l e  per  
u n i t  leng th .  

Frequent ly ,  i n l i n e  storage i s  implemented a t  e x i s t i n g  ove r f l ow  o r  d i v e r s i o n  
s t r u c t u r e s  because the condui ts  are l a r g e  (and u s u a l l y  r e l a t i v e l y  f l a t )  a t  
such loca t i ons .  However, i n l i n e  storage can be implemented anywhere i n  the  
system i t  i s  f e a s i b l e  and an appropr ia te  c o n t r o l  dev ice can be i n s t a l l e d .  

Peak Flows 

Usua l ly ,  i t  i s  necessary t o  a l l ow  over f low s t r u c t u r e s  t o  pass the  design f l o w  
u n r e s t r i c t e d  when requ i red  t o  prevent  surcharg ing o f  the sewer system and 
ponding o f  r u n o f f  on s t ree ts .  Thus, in-system storage may be implemented a t  
a l l  t imes when the f l ow  i s  l ess  than the  designed c a p a c i t y  o f  the sewer. For  
small storms, the f u l l  f low capac i ty  o f  the  sewer may never be reached so t h a t  
in-system storage i s  a f fec ted  throughout the  storm. 

However, when in-system storage i s  used i n  con junc t i on  w i t h  o n s i t e  storage, 
some t r a d i n g - o f f  o f  surcharging and s t r e e t  o r  pa rk ing  l o t  ponding may be 
wor thwh i le  and c o s t  e f f e c t i v e  f o r  combined sewer ove r f l ow  c o n t r o l  o r  storm-
water a t tenuat ion .  I n  t h i s  case, in-system storage can be used throughout  the  
storm. 

Contro l  s 

S t a t i c  r e g u l a t o r s  u s u a l l y  requ i re  no c o n t r o l s  a t  a l l .  The r e g u l a t o r  i s  
designed t o  operate i n  a s i n g l e  manner w i t h  no o u t s i d e  manipulat ion.  These 
r e g u l a t o r s  are designed and s ized  t o  p rov ide  c o n t r o l  and operate over a f i x e d  
range. To change the range o r  con t ro l  s t ra tegy  r e q u i r e s  replacement o f  the  
regu l  a t o r  it s e l  f. 

The c o n t r o l  system f o r  e f f e c t i n g  in-system storage w i t h  dynamic r e g u l a t o r s  i s  
u s u a l l y  q u i t e  sophis t icated.  Not on ly  a re  c o n t r o l s  requ i red  t o  operate the  
r e g u l a t o r  it s e l  f b u t  a1 so f o r  mon i to r ing  cond i t i ons  upstream and downstream o f  
the regu la to r .  Th is  requ i res  t h a t  l e v e l  sensors and over f low de tec to rs  be 
used as a minimum. It may a lso  r e q u i r e  r a i n  gage networks, water q u a l i t y  
sensors, and f l o m e t e r s .  I f  more than one in-system storage l o c a t i o n  i s  
invo lved,  i t  may a1 so requ i re  a computer t o  mon i to r  and c o n t r o l  the opera t i on  
o f  the  storage t o  maximize i t s  e f fec t i veness .  

ResusDension o f  Sediment 

One s ide  e f f e c t  o f  in-system storage i s  t he  s e t t l i n g  o f  suspended mate r ia l  i n  
the  sewer as the  f l o w  v e l o c i t y  i s  reduced. This  i s  a d e f i n i t e  problem i n  
combined sewer systems, and e s p e c i a l l y  where o f f l i n e  storage i s  used. To 
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prevent reduced flow capacity problems l a t e r  on, the sediment must be 
resuspended and transported to  the treatment plant or t o  the discharge 
location on separate storm drain systems. The operation of inline storage 
tends t o  self-remedy this s i tuat ion.  During periods when there i s  h i g h  f low 
(approaching peak design flowrate) in the sewer d u r i n g  a storm, the velocity 
i s  usually suff ic ient ly  h i g h  to  resuspend and transport  any sediment. 
Sediment can be resuspended a1 so by selectively re1 easing upstream in-system 
storage t h a t  i s  central ly  control 1ed. 

For off l ine storage, resuspension of sediment can be a def ini te  problem unless 
special design considerations are included. Special flushing flows may be 
required following a storm i f  flow veloci t ies  generated d u r i n g  dewatering of 
the f a c i l i t y  are not suf f ic ien t  to resuspend and transport  the sediment. A 
portion of the pumped discharge can be recycled to the upstream end of the 
of f l ine  storage u n i t  t o  resuspend the sediment. 

DESIGN PROCEDURE/EXAMPLES 

A suggested design methodol ogy for  onsi t e  (source control 1 storage was shown 
i n  Figure 9 and f o r  in-system storage was shown i n  Figure 10. The two 
methodologies are very similar and can be combined together i n  the discussion 
presented i n  t h i s  section. Each of the indicated steps i s  discussed below and 
examples are introduced where applicable. 

SteD 1 - Identifv Functional Reauirements 

Onsite. As noted previously, the intended operational function of an onsi te  
storage f a c i l i t y  determines i ts  design emphasis. The design emphasis can a1 so 
be dictated by the type of development e i ther  existing on or planned for  the 
s i t e .  

Information t h a t  must be determined a t  this point includes: 

0 The type of development existing on or planned for the s i t e  

0 The reason that  stormwater detention is  needed or desired 

The type of development greatly a f fec ts  the types of stormwater detention 
f a c i l i t i e s  t h a t  can be employed for  the s i t e .  Commercial complexes can 
incorporate combinations of rooftop, park ing  l o t ,  plaza, and underground 
structures for stormwater detention. Residential developments usually 
incorporate rooftop detention (only i f  f l a t  roofs are used), underground 
structures,  and multipurpose reservoirs.  

In-System. The frequency w i t h  which overflows to the receiving water occur a t  
various locations i n  the sewer system determines the design emphasis for i n -
system storage facil  i t i e s .  Locations where frequent overflows occur o r  where 
only small amounts of  r a i n f a l l  i n i t i a t e  overflows are  prime candidates f o r  i n -
system storage implementation. 
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I d e n t i f i c a t i o n  o f  the need f o r  over f low c o n t r o l  i s  u s u a l l y  based on one o r  
more o f  the fo l l ow ing :  

0 Overf low frequency reduc t i on  

0 Overf low volume reduc t ion  

0 Overf low qua1 i t y  improvement 

A1 though in-system storage i s  used most f r e q u e n t l y  on combined sewer systems, 
i t  can a l so  be used on separate storm systems. P r o v i s i o n  must be made f o r  
removal o f  any sediment since, unl i k e  a combined sewer system, the  s to red  f l o w  
does n o t  rece ive  t reatment before d ischarge t o  the  r e c e i v i n g  water.  
Stormwater volume o r  frequency o f  d ischarge t o  the  r e c e i v i n g  water can be 
reduced i f  the s tored stormwater i s  l a t e r  used f o r  groundwater recharge o r  
some o the r  land appl i c a t i o n  use. 

SteD 2 - I d e n t i f y  S i t e  Const ra in ts  

S i t e s  fo r  o n s i t e  and in-system storage f a c i l i t i e s  should be i d e n t i f i e d  and 
cata loged w i t h  respect  t o  a t  l e a s t  t he  f o l l o w i n g  c r i t e r i a :  

0 	 A c c e s s i b i l i t y  t o  the channel, sewer, o r  i n t e r c e p t o r  t o  which i t  
discharges o r  t o  the discharge o r  over f low p o i n t .  

0 	 Tota l  area usable f o r  storage (dimensions, c o n f i g u r a t i o n ,  topography) 
i n c l u d i n g  any area needed f o r  c o n s t r u c t i o n  and opera t ion  o f  any 
necessary con t ro l  s. 

0 	 Hydrau l i c  and hydro log ic  data on r a i n f a l l  i n t e n s i t y ,  f l o w  l e v e l s  i n  the  
condu i ts  o r  channels t o  which f l o w  i s  discharged, and a l l owab le  
discharge r a t e  f o r  o n s i t e  storage. Hydrau l i c  data on r e c e i v i n g  water  
l e v e l s  a t  the over f low po in t ,  f l o w  depth ranges and c a p a c i t i e s  f o r  the  
t runk  sewers and i n t e r c e p t o r ,  any water l e v e l  stage and pumping 
requirements f o r  the proposed f a c i l  i t y ,  stage and corresponding s torage 
volume w i t h i n  the sewer system, and the frequency and volume of 
over f lows f o r  in-system storage. 

0 	 Environmental s e t t i n g  such as p r o x i m i t y  t o  residences o r  o the r  
s t ruc tu res  , 1ocal and surrounding 1and uses , and v i sua l  impacts. 

0 	 Geotechnical cond i t i ons  t h a t  cou ld  a f f e c t  l o a d  bear ing capac i ty ,  s i d e  
s lope s t a b i l i t y ,  hazards t o  ad jacent  s t r u c t u r e s  and u t i l i t i e s ,  and 
groundwater suppl ies .  

0 S t r u c t u r a l  requirements. 

0 	 Access ib i l  it y  t o  u t i l i t y  serv ices  and c o n s t r u c t i o n  and opera t i on  
a c t i v i t i e s .  
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Step 3 - E s t a b l i s h  Basis o f  Design 

I n  the past ,  several design methodologies have been used f o r  design o f  s to rage 
f a c i l i t i e s .  However, the v a l i d i t y  o f  these methods must be measured aga ins t  
how we l l  they r e f l e c t  the hydro log ic  c y c l e  and whether o r  no t  they i nc lude  an 
in f low hydrograph, a depth-storage r e l a t i o n s h i p ,  a depth-out f low r e l a t i o n s h i p ,  
and a r o u t i n g  r o u t i n e  [21. 

More than 45 d i f f e r e n t  methods o f  p r e d i c t i n g  r u n o f f  r a t e s  and developing 
i n f l o w  hydrographs were repor ted  i n  the APWA survey [11. The r a t i o n a l  
formula, the most commonly accepted method, was approved f o r  use by 80% o f  t h e  
respondees even though the method y i e l d s  on ly  a peak f lowra te .  The So i l  
Conservation Serv ice curve number method ( t h e  f o u r t h  most popular by the 
respondees) has been used even though i t  considers on l y  the 100-year, 24-hour 
storm and watersheds smal ler  than 2,000 acres (810 ha) [9]. Some methods are 
app l i cab le  on l y  t o  c e r t a i n  types o f  s i t u a t i o n s .  Some methods cannot be used 
on watersheds con ta in ing  several de ten t i on  f a c i l  it i e s  because they handle o n l y  
one de ten t ion  f a c i l i t y  a t  a time. Only hydro log ic  methods t h a t  inc lude a 
channel r o u t i n g  r o u t i n e  can be used f o r  watersheds where channel s torage has 
an e f f e c t  on t he  shape o f  the hydrograph. 

The general approach t o  the design o f  any de ten t i on  f a c i l i t y  ( f o r  e i t h e r  
o n s i t e  c o n t r o l  o r  in-system c o n t r o l )  i s  b a s i c a l l y  the same as t h a t  descr ibed 
p rev ious l y  f o r  a r e t e n t i o n  f a c i l i t y  i n  Sec t ion  5; i t  i s  a storage r e s e r v o i r  
r o u t i n g  problem. This  app l ies  t o  a l l  forms o f  de ten t i on  f a c i l i t i e s .  The use 
o f  a r e s e r v o i r  r o u t i n g  approach can be used f o r  the  design o r  eva lua t i on  o f  
any storage f a c i l i t y .  A l l  r e q u i r e  an i n l e t  hydrograph, a depth-storage 
r e l a t i o n s h i p ,  and a depth-discharge re1 a t ionsh ip .  Some forms may a1 so r e q u i r e  
a channel storage eva lua t i on  o r  o ther  spec ia l i zed  approaches f o r  the ana lys is .  

The purpose o f  t h i s  s tep i s  t o  determine the i n f l o w  ra te ,  a l lowab le  d ischarge 
ra te ,  p o l l u t a n t  loadings, and storage volume needed t o  evaluate the  
e f fec t i veness  i n  meeting the requirements es tab l i shed  i n  Step 1. 

Onsite. The a l lowab le  discharge r a t e  may be based on t he  capac i ty  o f  the  
condul’t o r  channel a t  the discharge l o c a t i o n ,  o r  on b u i l d i n g  regu la t ions .  I n  
the l a t t e r  case, f o r  example, a munic ipa l  ordinance may l i m i t  the discharge t o  
t h a t  occu r r i ng  before development occurs. 

S p e c i f i c  c r i t e r i a  t o  be considered du r ing  the  design and s i t i n g  o f  va r ious  
k inds  o f  de ten t i on  f a c i l i t i e s  a re  descr ibed here. 

Park ing Lo ts  and Streets .  The pa rk ing  area should be graded t o  c rea te  
m u l t i p l e  s torage areas l i k e  saucers. A t  each low p o i n t ,  a catchbasin o r  i n l e t  
i s  used t o  c o n t r o l  the out f low.  The o u t f l o w  c o n t r o l  can be accomplished 
e i t h e r  by r e s t r i c t i n g  the s ize  o f  the  o u t l e t  p ipe o r  by  us ing a spec ia l  cover 
w i t h  d r i l l e d  holes. As a r u l e ,  t he  maximum depth o f  the  deta ined water a t  t he  
low p o i n t  should n o t  exceed 12, i n .  (30 cm). Thus, the depth o f  the s to red  
water v a r i e s  between zero a t  the  edges t o  12 in .  (30 cm) a t  the low p o i n t .  
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Almost h a l f  o f  the publ ic  agencies  responding t o  the APWA survey i n d i c a t e d  
t h a t  they permit designs t o  provide f o r  some street  f looding .  Flooding dep ths  
ranging from 6 t o  8 i n .  ( 15  t o  20 cm) were most commonly permitted. The f u l l  
range of responses  i s  shown i n  Table 17. 

Table 17. DEPTH OF FLOODING 
ALLOWED ON STREETS El1 

Responses
b p t h  o f  flooding 

permitted. I n .  No. I 

0 138 42 
1-2 14 4 
3-5 34 10 
6-8 74 23 
9-1 7 16 5 

18 or mrc 6 2 
WO hnswer 43 13

L 
 

T o t a l  

Roof Storage.  By plac ing  a parape t  a l l  around the edge of a f l a t  r o o f ,  
stormwater may be s t o r e d  on the roof without  concern f o r  the s t r u c t u r a l  
i n t e g r i t  o f  the roof .  Mos bui ld ing  codes r e q u i r e  roo f s  t o  wi ths tand  20 t o
30 l b / f t3 (958 t o  1,436 N/m 5 1 l i v e  loads  [lo]. T h i s  i s  e q u i v a l e n t  t o  4 t o  
6 i n .  ( 1 0  t o  15 cm) of s tanding  water.  The detention i s  c o n t r o l l e d  by a d r a i n  
r i n g  set  around the roof d ra ins .  As the roof beg ins  t o  pond, f low is  
c o n t r o l l e d  by o r i f i c e s  o r  s l i t s  i n  the r i n g ;  extreme f lows overflow the r i n g  
t o  prevent s t r u c t u r a l  damage t o  the roof .  

Mu1 t i p u r p o s e  Detent ion Basins. Mu1 t ipu rpose  b a s i n s  a r e  usua l ly  used t o  
s t o r e  stormwater near the s i t e  where i t  i s  genera ted .  The requ i r ed  bas in  s i z e  
i s  determined by c a l c u l a t i o n s  based on the design storm. Such bas ins  a r e  
g e n e r a l l y  3 t o  5 f t  (0.8 t o  1.5 m )  deep. To prevent water  s tanding  i n  the 
bas in  between storms,  the invert of the o u t l e t  structure i s  a t  the same 
e l e v a t i o n  a s  the bottom of the basin.  The o u t l e t  structure should inco rpora t e  
n o t  on ly  an o r i f i c e  f o r  c o n t r o l l i n g  the outf low r a t e  b u t  a l s o  an overf low 
g r a t i n g  t o  a l low d i scha rge  i f  the o r i f i c e  i s  blocked w i t h  debris. Typ ica l ly ,
a 1 t o  2 f t  (0 .3  t o  0.6 m )  f reeboard should be provided. Sides should be 
s loped  ( g e n e r a l l y  1-1.5:l o r  f l a t t e r )  and p lan ted  w i t h  g r a s s  t h a t  can 
wi ths tand  pe r iod ic  f looding.  These bas ins  can be used a s  baseba l l  o r  f o o t b a l l  
f i e l d s ,  tennis c o u r t s ,  o r  playgrounds. In an Oak Lawn, I l l i n o i s ,  de t en t ion  
b a s i n ,  a conc re t e  paved a r e a  ( a n t i e r o s i o n  s e c t i o n  a t  the i n l e t )  is f looded 
du r ing  winter months t o  serve a s  an i ce - ska t ing  r i n k  C111. 

Underground S t r u c t u r e s .  Concrete,  f i b e r  gl a s s  , o r  metal s to rage  tanks  can 
be cons t ruc t ed  underground t o  serve a s  de t en t ion  f a c i l  i t i e s .  Such structures 
may be l o c a t e d  beneath parking l o t s ,  b u i l d i n g s ,  o r  s idewalks  and p l a n t e r  
strips. Oversized storm sewer pipes can be used i n  p l ace  o f  s t o r a g e  tanks .  
Access must be provided t o  a l low removal o f  any debris t h a t  c o l l e c t s  i n  the 
tanks .  


us 
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Plazas. The basic design approach for plaza storage i s  the same as for 
o t h e m s  of detention. The ou t l e t  must be construced t o  allow runoff to  
accumulate d u r i n g  peak storm conditions. The depth tha t  can accumulate on 
plazas should be limited t o  about 0.75 i n .  (1 .9  cm) so pedestrians can s t i l l  
pass, b u t  i t  i s  possible to design plazas so that  portions can be flooded ' 

without inconvenience 1121. 

In-System. Representative inflow charac te r i s t ics  may be, developed as for 
onsi t e  storage facil  i t i e s  or they may be developed from dry-weather flow data 
and analyses of historical  overflow samples. Direct f ie ld  measurements may be 
required. 

Storage requirements for  the drainage areas must be determined. The re1 at ive 
effectiveness of storage related to  overflow volume and/or frequency must be 
evaluated for each area. The areas must be ranked by re la t ive  effectiveness 
t o  establish the pr ior i ty  f o r  fur ther  evaluation. 

The a1 ternative methods available for  control1 i n g  the in-system storage must 
be reviewed. The storage can be i n  multiple, discrete  units or integrated
into a centralized location. For example, a long, large diameter pipe located 
i n  the parking s t r ip  along a s t r e e t  w i t h  several catchbasins discharging to i t  
can be used to provide storage. Discharge from the storage t o  the sewer can 
be controlled by an o r i f i ce  or a Hydrobrake, for example. Many discrete units 
such as th i s  could be used to provide the total  storage volume needed. 

A single,  centralized f a c i l i t y  could be used to provide the needed storage 
a1 so. A 1arge, 1ined basin located adjacent t o  the sewer ( a s  i s  the case a t  
the Spring Creek f a c i l i t y  i n  New York City [6]) can be used. For each s i t e ,  a 
control method must be selected tha t  will sa t i s fy  the needs for t h a t  
par t icular  site. If more than one s i t e  u t i l i z ing  dynamic control will be 
involved i n  the in-system storage system, the means for  monitoring conditions 
a t  each s i t e  and for coordinating the controls to  optimize the effectiveness 
must be selected. T h i s  could include simple supervisory control by an 
operator or ful l  computeri zed control . 
Provisions should be incorporated t o  resuspend and transport any sediment 
deposited d u r i n g  in-system storage. T h i s  can be accomplished by ( 1 )  ensuring
t h a t  the dry-weather flow has suf f ic ien t  velocity to  resuspend the sediment, 
( 2 )  sequential release of stored stormwater, or ( 3 )  intoducing flushing water 
to  the sewer system. Also, auxiliary controls w i t h i n  the sewer to redirect  
flow t o  a single barrel of a multibarrel sewer may be required. The quantity 
of sediment i n  a sewer a t  the end of a storm i s  a function of the quantity and 
charac te r i s t ics  of suspended sol ids  i n  the flow, the length of time the i n -
system storage was i n  operation, and the hydraulic charac te r i s t ics  of the 
sewer. 

Step 4 - Select Storage Option(s) and Locations 

This step requires t h a t  one or more storage methods and s i t e s  be selected to  
meet the functional requirements from Step 1 , the s i t e  constraints identified 
i n  Step 2 ,  and the design c r i t e r i a  establ ished i n  Step 3. 
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Onsite. Depending on the type o f  development contemplated o r  e x i s t i n g ,  one o r  
m i f f e r e n t  storage op t ions  may be needed t o  develop the  requ i red  s torage 
volume. For example, a combination o f  r o o f t o p  and sur face de ten t i on  m igh t  be 
requ i red  f o r  a s ing le - fam i l y  r e s i d e n t i a l  s i t e  t o  meet the  d ischarge 
requirements. I n  add i t i on ,  cons ide ra t i on  must be g iven t o  access t o  the 
storage u n i t  f o r  c leaning.  Leaves, tw igs ,  grass, dust ,  and eroded s o i l  are 
o n l y  some o f  the i tems t h a t  f i n d  t h e i r  way i n t o  s torage f a c i l i t i e s  in '  var ious  
quan t i t i es .  Depending on the storage o p t i o n  se lec ted ,  p r o v i s i o n  must be made 
t o  remove these sediments and debr is .  

In-System. Based on the r e s u l t s  o f  the f i r s t  t h ree  steps , the a1 t e r n a t i v e  
approaches and s i t e s  should be ranked. D e t a i l e d  eva lua t i on  o f  the s i t e s  
should be performed i n  accordance w i t h  t h i s  p r i o r i t y  rank ing.  The opera t iona l  
concept, storage c o n t r o l  method, and p r o j e c t e d  e f f e c t i v e n e s s  should be 
determined f o r  each s p e c i f i c  s i t e ,  based on the f u n c t i o n a l  requirement f o r  
t h a t  s i t e .  Operat ional  concepts t o  be considered should inc lude:  

0 	 Storm a n t i c i p a t i o n  so t h a t  r u n o f f  from s h o r t  du ra t i on  storms or " spo t  
c e l l "  storms can be completely captured and t reated.  

0 	 Se lec t i ve  de ten t i on  o f  f l o w  from p o r t i o n s  o f  the system t o  a l l ow  sewer 
inspec t ion ,  maintenance, o r  m o d i f i c a t i o n .  

0 	 Se lec t i ve  over f low ing  a t  p o i n t s  t h a t  w i l l  have the  l e a s t  e f f e c t  on the 
receiving waters . 

0 	 F i r s t  f l u s h  i n t e r c e p t i o n  o f  the  more h e a v i l y  contaminated stormwater 
from the e a r l y  p a r t  o f  a storm. 

Aux i l  i a r y  systems f o r  sediment t r a n s p o r t  and r e g u l a t o r  c o n t r o l  must be 
determined. Th is  should inc lude a i r  hand1 i n g  and odor c o n t r o l ,  energy (power, 
l i g h t i n g ,  heat ing)  , and ins t rumenta t ion  f o r  c o n t r o l  s.  A v a i l a b i l i t y  o f  
u t i l i t i e s  needed t o  operate the  storage f a c i l i t y  must be assessed. 

I n  add i t i on ,  an opera t ion  p lan and a maintenance schedule should be prepared 
a t  t h i s  time. 

Step 5 - Est imate Costs and Cost S e n s i t i v i t i e s  

Onsite. De ta i l ed  c o s t  est imates should be prepared t o  determine the l e a s t  
c o s t  op t i on (s1  t o  be incorporated. These cos ts  can then be compared t o  the  
c o s t  d i f f e rence  between p rov id ing  an o u t f a l l  sewer ab le  t o  convey the  peak 
r u n o f f  ( u s u a l l y  based on a 5 o r  10 year  design storm) w i t h  t h a t  t o  convey the  
reduced flow. 

I n  some cases, no a d d i t i o n a l  o u t f a l l  sewers may be requ i red .  Then, the  
o b j e c t i v e  i s  t o  minimize the o n s i t e  s torage c o s t  b y  s e l e c t i n g  the  op t ions  t h a t  
r e s u l t  i n  the lowest  cons t ruc t i on  cos t .  
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In-System. Once the l o c a t i o n  o r  l o c a t i o n s  have been se lec ted  and a 
p r e l  im inary  design o f  the in-system storage u n i t (  s )  completed, a d e t a i l e d  c o s t  
es t imate  should be prepared w i t h  emphasi s on component systems and f o l l  owing 
va lue engineer ing guide1 ines. Operation and maintenance cos ts  should a1 so be 
est imated based on the opera t ion  p lan and maintenance schedule from Step 4. A 
cos t -e f fec t i veness  ana lys is  can then be prepared eva lua t i ng  each s i t e  and 
es tab l  i s h i n g  the p r i o r i t y  f o r  implementing cons t ruc t i on .  

SteD 6 - Complete Desiqn 

The f i n a l  step i s  t o  conf i rm t h a t  a l l  ob jec t i ves  have been met. Several 
i t e r a t i o n s  back through prev ious steps may be needed t o  reach t h e  most cos t -
e f f e c t i v e  so lu t i on .  This  i s  p a r t i c u l a r l y  t r u e  once s i t e - s p e c i f i c  cos ts  f o r  
the var ious  storage op t ions  have been developed. 

OPERATION AND MAINTENANCE CONSIDERATIONS 

The major  opera t ion  and maintenance goal f o r  de ten t i on  storage f a c i l i t i e s  i s  
t o  p rov ide  r e a d i l y  ava i l ab le ,  nuisance-free storage t h a t  w i l l  operate as 
designed whenever needed (even fo l l ow ing  prolonged per iods  o f  non-use). Such 
u n i t s  should u t i l i z e  as 1 i t t l e  unproduct ive space as poss ib le  w h i l e  m in im iz ing  
any v i s u a l  impact. 

Onsi t e  

Onsi te  s torage f a c i l i t i e s  should no t  r e q u i r e  ex tens ive  maintenance a f t e r  each 
use. Debr is  removal, care o f  the  landscaping ( i f  any), and inspec t i on  and 
maintenance o f  the o u t l e t  s t r u c t u r e  are a l l  p a r t  o f  the  r o u t i n e  opera t i on  o f  a 
storage f a c i l i t y .  

Mosquito and algae problems can be e l  iminated by ensur ing  t h t  s torage 
f a c i l i t i e s  d r a i n  complete ly  and d r y  o u t  between use. Storage ponds look  b e s t  
when a grass cover i s  kep t  on the bas in  slopes and f l o o r .  However, i f  the  
bas in  needs t o  be vegeta t ion- f ree  f o r  any reason, v i s u a l  screening can be 
prov ided by s i g h t  b a r r i e r s  such as t rees.  

Safe ty  fea tu res  must a l so  be considered. Hazardous areas must be fenced t o  
r e s t r i c t  access. Debr is  must be removed whenever i t  c o l l e c t s  t o  p revent  
i n t e r f e r e n c e  w i t h  the  opera t ion  o f  t he  o u t l e t  s t r u c t u r e  and t o  e l i m i n a t e  
hazards t o  users i n  a mul t ipurpose f a c i l i t y .  

In-System 

Adequate i n fo rma t ion  on the a n t i c i p a t e d  opera t ion  and e f f e c t i v e n e s s  o f  the  
storage f a c i l  it y  should be prepared. Experience has shown t h a t  f requent ,  
p e r i o d i c  maintenance and equipment exe rc i s ing  i s  requ i red .  The na ture  o f  the 
atmosphere and cond i t i ons  found where much o f  the equipment i s ' l o c a t e d  
d i c t a t e s  t h i s .  Corrosion and c logg ing  by debr is  a re  t y p i c a l  o f  t he  problems 
encountered by in-system f a c i l  it i e s .  The ins t rumenta t ion  needed t o  c o n t r o l  
the opera t ion  o f  dynamic regu la to rs  can be another source o f  problems. 
However, recen t  advances i n  the  manufacture and design o f  i ns t rumen ta t i on  and 
c o n t r o l  s have g r e a t l y  reduced the problem. 
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COSTS 

Cons t ruc t i on  costs  f o r  in-system storage have been repo r ted  f o r  se lec ted  
demonstrat ion s i t e s  [5] .  However, they are h i g h l y  s i t e  s p e c i f i c .  Adjusted t o  
ENR 4000, the  range o f  u n i t  c o n s t r u c t i o g  c m t s  f o r  in-system storage i s  from 
$0.04 t o  $0.94/gal ($10.60 t o  $221.90/m ) o f  s torage volume. Costs a l so  vary  
cons iderab ly  depending on the complex i ty  o f  the f l o w  r e g u l a t o r s  and c o n t r o l  
systems. For example, t he  c o s t  o f  t h e  c o n t r o l  and m o n i t o r i n g  system was 47% 
o f  t he  $0.94/gal f o r  t h a t  demonstrat ion p r o j e c t  131. 

Const ruc t ion  cos ts  f o r  o f f 1  ine storage f o r  se lec ted  demonstra i o n  s i t e s  was 
repo r ted  t o  vary from $0.16 t o  $0.90/gal ($42.30 t o  $237.80/m 81 o f  s torage 
volume C51. 

D e t a i l e d  opera t ion  and maintenance c o s t  data a re  1imi ted .  No rule-of- thumb 
guides e x i s t  a t  present. Operat ion and maintenance cos ts  must be es t imated 
f o r  s p e c i f i c  f a c i l i t i e s  from the  opera t i on  p lan  and maintenance schedule. For 
p lann ing  l e v e l  s tud ies,  est imates can be developed from cos ts  repo r ted  f o r  
ope ra t i ng  f a c i l i t i e s  151. 
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Sect ion 7 

DESIGN OF SEDIMENTATION FACILITIES 

The frequency o f  over f low operat ions t o  the t o t a l  frequency o f  f a c i l  i t y  
a c t i v a t i o n s  determines the  design emphasis f o r  downstream storage/ 
sedimentat ion basins. By d e f i n i t i o n  these f a c i l i t i e s  are in tended t o  be end-
o f - the -p ipe  c o n t r o l s;  discharges (over f lows)  are expected t o  be d i r e c t l y  t o  
r e c e i v i n g  waters w i th  o r  w i thou t  f u r t h e r  t reatment.  Storage/sedimentat ion i s  
t h e  most common and, perhaps, e f f e c t i v e l y  p rac t i ced  method o f  urban stormwater 
r u n o f f  con t ro l  i n  terms o f  opera t ing  i n s t a l l a t i o n s  and l e n g t h  o f  service.  
Conversely, s ince i t  para7 l e l  s h i s t o r i c  san i ta ry  engineer ing p r a c t i c e ,  
s torage/sedimentat ion i s  f requen t l y  c r i t i c i z e d  f o r  l a c k  o f  innovat ion  due t o  
i t s  s i m p l i c i t y ,  and h igh  cos t  due t o  s i ze  and s t r u c t u r a l  requirements. 

I n  t h i s  sec t ion ,  design cons idera t ions  and procedures f o r  downstream 
storage/sedimentat ion basins are presented and i l l u s t r a t e d  by example and 
through references t o  designed and operated f a c i l i t i e s .  P lanning l e v e l  cos ts  
and c o s t  cons idera t ions  are given. 

DESIGN CONSIDERATIONS 

Func t i ona l l y ,  the appl i c a t i o n s  o f  downstream storage/sedimentat ion f a c i l  i t i e s  
vary  from e s s e n t i a l l y  t o t a l  containment, exper ienc ing o n l y  a few over f lows per  
year,  t o  f low- through t reatment  systems where t o t a l  containment i s  the  
except ion  r a t h e r  than the  r u l e .  For t o t a l  containment, the  major concerns are 
the  usable storage vo l  ume, the  p rov i s ions  f o r  dewater i  ng, and post-storm 
cleanup. For f low- through t reatment  systems, performance hinges on t reatment  
e f fec t i veness  and design cons idera t ions  i n c l u d i n g  l o a d i n g  ra tes ,  in1e t  and 
out1e t  c o n t r o l  s, s h o r t  c i r c u i  ting, and sl udge and scum removal systems. 

I n  the  case o f  o f f l i n e  f a c i l i t i e s ,  the op t i on  e x i s t s  t o  s e l e c t i v e l y  capture a 
p o r t i o n  o f  the stormflow (i.e., f i r s t  f l u s h  contaminant l oad )  and bypass the  
balance t o  avoid the l o s s  o f  captured sol i d s  through t u r b u l  ance and 
resuspension. Examples o f  rep resen ta t i ve  CSO storage/sedimentat ion basins and 
a u x i l i a r y  support  f a c i l i t i e s  a re  shown i n  F igure  26. 

Storase 

Required storage volumes t o  accomplish a s p e c i f i e d  l e v e l  of c o n t r o l  are bes t  
approximated through use o f  simpl i f i e d  continuous s imu la t i on  models. A 
summary of rep resen ta t i ve  models and t h e i r  a p p l i c a t i o n  i s  presented i n  the 
REQM Handbook [l]. S t a t i s t i c a l  methods recen t l y  devel oped by Hydroscience and 
by Howard have proved Val uabl e f o r  determining storage requirements f o r  simpl e 
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S C R E E N S  

D R A I N  R E T U R N  
T O  I N T E R C E P T O R  

S I X  P A R A L L E L  B A S I N S  
S T O R A G E  C A P A C I T Y  1 . 3  rial 

BOSTON (COTTAGE FARM), MASSACHUSETTS 

S T O R A 6 E /S ED IY E N T I  1I O N  ( 0 P E N 1 

S T O R A f i E  C A  PAC I T Y  

CHIPPEWA FALLS, WISCONSIN 

F I N E  S C R E E N  

. .  

I N T E R C E P T O R  	  S T O R A G E  C A P A C I T Y  
3 . 0  M # a  I 

MILWAUKEE (HUMBOLT AVE. ) , WISCONSIN 

F i g u r e  26. 	  R e p r e s e n t a t i v e  CSO S to rage /Sed imen ta t i  on 
Basi  ns and Auxi 1iary Suppor t  Fac i  1it i es . 
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. S - T O R AG E BED IM E N T A ' T ; ~ON io PEN) 
S T a R A G E  C A P A C I T Y  2 7  Mga I 

T U N N E L  

S E D I M E N T A T I O N /  A E R A T E D  R E T E N T I O N  B A S I N  

S I N S  I N  S E R I E S  

P O S T  4 T O R M  D E W A T E R  L O N G - T E R M  D E W A T E R  T O  
T O  I N T E R C E P T O R  T R E A T M E N T  A N D  R E U S E  

,MOUNT C L E M E N S  
 

D E G R l T T l N G  
. C Y C L O N E  
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Figure 26 (Cont inued)  
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systems [ Z ,  33. Where the  l e v e l  o f  c o n t r o l  o b j e c t i v e  i s  h i g h  ( i .e . ,  s torage-
t r e a t m e n t  c a p a c i t y  i s  l a r g e  compared t o  r u n o f f  volume) and urban development 
i s  i n t e n s e ,  two p a r t i c u l a r l y  u s e f u l  models are EPAMAC C41 and STORM [5]. The 
former i s  an e x t e n s i o n  o f  t h e  S i m p l i f i e d  Stormwater Model [61  and t h e  areawide 
p l a n n i n g  model ABMAC"71. EPAMAC has been used as the  base model f o r  examples 
i n  t h i s  t e x t .  I n  cases where shor t - te rm f l o w  dynamics are  o f  ma jor  concern o r  
where p e r v i o u s  areas o f  the watershed p l a y  a s i g n i f i c a n t  r o l e ,  o t h e r ,  more 
d e t a i l e d  models such as SWMM [Sl and NPS [91 may be requ i red .  

EPAMAC opera tes  on an h o u r l y  t imestep  and i s  designed f o r  a p p l i c a t i o n s  on 
combined sewer systems. I n p u t s  i n c l u d e  h o u r l y  r a i n f a l l  data,  watershed 
subareas, r u n o f f  c o e f f i c i e n t s ,  r u n o f f  q u a n t i t y  and q u a l i t y ,  r o u t i n g  t i m e  
o f f s e t s ,  and network f l o w  r o u t i n g .  A t  each network c o n t r o l  node, t h e  user  
s p e c i f i e s  t h e  a v a i l  a b l e  s torage volume and dewater ing ( t r e a t m e n t )  r a t e  w i t h  
i t s  assoc ia ted  o p e r a t i n g  r u l e s  ( i .e: ,  pumps s t a r t e d  and stopped as a f u n c t i o n  
o f  f i l l e d  s to rage volume f o r  t h a t  t imestep) .  When t h e  h o u r l y  s torage-
t r e a t m e n t  c a p a c i t y  i s  exceeded, an o v e r f l  ow ( d i  scharge) occurs.  

The user  s e l e c t s  t r i a l  s to rage volumes and assoc ia ted  dewater ing ( t r e a t m e n t )  
r a t e s  t o  f i t  t h e  c o n s t r a i n t s  o f  h i s  system and th rough i t e r a t i v e  analyses 
s e l e c t s  the  combinat ion t h a t  b e s t  s a t i s f i e s  h i s  needs ( i  .e., o v e r f l o w  
frequency, s i t e  l i m i t a t i o n s ,  and c o s t ) .  Note t h a t  s to rage may be d i s t r i b u t e d  
o v e r  a s e r i e s  o f  nodes t o  r e p r e s e n t  upstream and i n l i n e  s to rage o p t i o n s ;  
however, o n l y  one network c o n t r o l  node i s  a l lowed p e r  run. For  example, i f  
s t o r a g e  i s  t o  be p r o v i d e d  w i t h i n  a watershed th rough a sequent ia l  s e r i e s  o f  
d i s p e r s e d  s to rage elements such as an upstream s u r f a c e  d e t e n t i o n  bas in ,  an 
i n t e r m e d i a t e  zone o f  i n l i n e  s torage,  and a downstream s torage/sed imenta t ion  
bas in,  t h r e e  s e t s  of  computat ional  runs  would be r e q u i r e d .  The f i r s t  would 
c o n s i d e r  o n l y  t h e  upper watershed and i t s  s to rage bas in .  The computed 
d ischarge f rom t h i s  b a s i n  would c o n s t i t u t e  a l a t e r a l  i n f o w  f o r  t h e  second 
run. The second r u n  would cons ider  t h e  a d d i t i o n a l  t r i b u t a r y  area t o  t h e  
i n l i n e  s to rage f a c i l i t y .  p l u s  t h e  l a t e r a l  i n f l o w  generated by t h e  f i r s t  run.  
I n  t u r n ,  t h e  second r u n  would produce a l a t e r a l  i n f l o w  f o r  t h e  t h i r d  run, 
which would r e f l e c t  t h e  s to rage b e n e f i t s  o f  b o t h  t h e  upper s u r f a c e  b a s i n  and 
t h e  i n l i n e  s to rage i n  t h e  i n t e r m e d i a t e  zone. F i n a l l y ,  t h e  t h i r d  r u n  would add 
any new t r i b u t a r y  area f l o w s  t o  t h e  l a t e r a l  i n f l o w  generated by t h e  second r u n  
and p e r m i t  t h e  s i z i n g  o f  t h e  downstream basin.  

Treatment  E f f i c i e n c y  

Storage u n i t s  may a1 t e r  the  wastewater c h a r a c t e r i s t i c s  o f  t h e  a p p l i e d  stream 
b y  g r a v i t y  separat ion.  The suspended s o l i d s  removal e f f i c i e n c y  approaches a 
maximum under steady s t a t e ,  qu iescent  c o n d i t i o n s .  Unsteady, storm-induced 
f l o w s  g e n e r a l l y  produce v e l o c i t y  and, i n  some cases, temperature g r a d i e n t s  i n  
t h e  sed imenta t ion  bas ins.  These unsteady c o n d i t i o n s  may reduce t h e  
ins tan taneous suspended s o l i d s  removal e f f i c i e n c y  b u t ,  on an o v e r a l l  s torm 
b a s i s ,  may n o t  d r a s t i c a l l y  a l t e r  t h e  o v e r a l l  removal e f f i c i e n c y .  I n  i t s  
s i m p l e s t  sense, wastewater i s  made up o f  water  c o n t a i n i n g  p a r t i c u l a t e s  o f  
v a r y i n g  s p e c i f i c  g r a v i t i e s .  When t h e  convec t ive  f o r c e s  t r a n s p o r t i n g  these 
p a r t i c u l a t e s  a r e  reduced, those l i g h t e r  than water  s t a r t  t o  r i s e  and those 
h e a v i e r  s t a r t  t o  fa1 1. Th is  movement may increase c o l l  i s i o n s  between 
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p a r t i c l e s  and by adsorpt ion o r  f l o c c u l a t i o n ,  l a r g e  p a r t i c l e s  are formed t h a t  
  
i n  t u r n  f u r t h e r s  the separat ion.  The movement cont inues u n t i l  the p a r t i c l e s  
 
s e t t l e  t o  the f l o o r  o f  the  chamber forming a sludge, r i s e  t o  the surface 
  
forming a scum, o r  are c a r r i e d  o u t  i n  the  over f low.  
 

Sedimentation theory and convect ive fo rces  are 1u c i d l y  descr ibed i n  wastewater 
 
engineer ing tex ts ;  however, there  are two major  problems: ( 1 )  wastewater tends  
  
t o  be q u i t e  heterogeneous w i t h  i t s  makeup o f  heav ie r  than, equal to, and 
 
l i g h t e r  than water p a r t i c u l a t e s  changing from one moment t o  the  next; and 
 
( 2 )  the theory  r e f l e c t s  i d e a l i z e d  s i t u a t i o n s  t o  which a myr iad o f  m o d i f i e r s  
 
must be app l i ed  t o  r e f l e c t  rea l  wor ld  cond i t i ons .  
 

Design va r iab les  a f f e c t i n g  hyd rau l i c  performance i n  general order  o f  
 
importance are sur face- loading r a t e s  o r  over f low ra tes ,  de ten t i on  time, bas in  
  
geometry, i n l e t  and o u t l e t  design, and r a p i d  s ludge removal. P o t e n t i a l l y  
  
c o n t r o l  1able parameters adversely a f f e c t i n g  sedimentat ion performance are 
 
dens i t y  cu r ren ts  due t o  temperature d i f f e r e n t i a l  s between the  incoming f l o w  
 
and the bas in contents,  dens i ty  c u r r e n t s  r e s u l t i n g  from mar ine/estuar ine water  
  
i n t r u s i o n ,  t u r b u l  ance generated by f l o w  v a r i a t i o n s ,  and wind-induced 
 
cur ren ts .  General ly,  noncon t ro l l ab le  b u t  impor tan t  parameters o f  the  r a w  
  
wastewater are i t s  suspended s o l i d s  c o E n t r a t i o n ,  the e f f e c t  o f  shear fo rces  
 
o r  v e l o c i t i e s  i n  the sewer on aggl omerated organic  p a r t i c l e s ,  the p r o p o r t i o n  
 
o f  s e t t l e a b l e  sol i ds ,  and i t s  age o r  s e p t i c i t y .  
  

To est imate the  e f f i c i e n c y  o f  any sedimentat ion bas in  i t  i s  most impor tan t  t o  
 
know n o t  o n l y  the suspended s o l i d s  l o a d  b u t  a l so  the s e t t l e a b i l i t y  charac­
 
t e r i s t i c s  and d i s t r i b u t i o n  o f  o the r  p o l l u t a n t s  associated w i t h  the so l ids .  I n  
  
other  words, the p a r t i c l e  s i z e  d i s t r i b u t i o n ,  p o l l u t a n t s  associated w i t h  the  
 
p a r t i c l e s ,  and the  dens i ty  o f  the  p a r t i c l e s  must be known. Therefore,  
  
d e t a i l e d  stormwater r u n o f f  and combined sewer over f low sampling i s  necessary 
 
t o  cha rac te r i ze  the  s o l i d s  and p o l l u t a n t  d i s t r i b u t i o n s .  
 

Samples should be f l ow  weighted t o  produce a rep resen ta t i ve  sample f o r  
 
ana lys is .  The t ime v a r i a t i o n  i n  the  s o l i d s  l o a d i n g  i s  taken i n t o  account when 
 
f l o w  weighted samples are used. E f f o r t s  should be made t o  ensure t h a t  the  
 
samples are rep resen ta t i ve  w i t h  respec t  t o  depth w i t h i n  the  f l o w  stream. 
 

A l o n g  documented b u t  l i t t l e  used t e s t  t o  r e f l e c t  these unique c h a r a c t e r i s t i c s  
 
o f  a p a r t i c u l a r  waste i s  the  s e t t l i n g  column t e s t  descr ibed by Me tca l f  & Eddy
 
[ l o ] ,  Camp 1113, and o thers  [12, 13, 14, 151. These t e s t s  p rov ide  a va luab le  
  
a i d  i n  p r o j e c t i n g  storage/sedimentat ion performance i n  urban stormwater 
 
systems design. 
 

A p p l i c a t i o n  and use of s e t t l i n g  column t e s t s  are i l l u s t r a t e d  under the design 
 
procedure d iscuss ion t o  fo l low. Tests are normal ly  run  t o  record  t o t a l  
 
suspended s o l i d s  removal as a f u n c t i o n  o f  t ime and depth; however, i t  should 
  
be noted t h a t  s e t t l i n g  column t e s t s  can be run  on t he  bas i s  o f  any q u a l i t y  
 
parameter f o r  which removal s are accompl ished by sedimentat ion.  In 
 
assoc ia t i on  w i t h  a standard s ieve ana lys i s  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n s ,  
 
chemical analyses o f  the var ious  s o l i d s  f r a c t i o n s  should be performed t o  
 
determine the  chemical and biochemical p o l l u t a n t s  associated w i t h  the va r ious  
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p a r t i c l e  s izes.  Th is  i n fo rma t ion  can be used t o  est imate the e f f e c t i v e  
removal e f f i c i e n c y  f o r  the var ious  p o l l u t a n t s  associated w i t h  the sediment. 
Biochemical analyses o f  the l i q u i d  p o r t i o n  should a l so  be made so t h a t  the  
t o t a l  p o l l u t a n t  l o a d  can be determined. The use o f  s e t t l  i n g  column t e s t  
r e s u l t s  along w i t h  a p p l i c a t i o n  o f  the Storage/Transport  Block o f  SWMM-Version 
I 1 1  i s  recommended. 

Typica l  removal e f f i c i e n c i e s  f o r  t o t a l  suspended so l  i d s  as r e l a t e d  t o  sur face 
load ing  ra tes  and de ten t ion  times are shown i n  F igu re  27. Each p l o t  
represents  a "bes t  f i t "  curve representa t ion  o f  a broad data s c a t t e r  from a 
number o f  i n s t a l l a t i o n s  over a l a r g e  number o f  events. For example, the  
empi r i ca l  suspended sol i d s  removal e f f i c i e n c y ,  i n  terms o f  the  sur face l oad ing  
r a t e  f o r  convent ional  pr imary t reatment w i t h  mechanical sludge removal 
according t o  Smith [161 i s :  

R = 0.82e' S/2780 (7-1)  

where 	R 
S 

= 
= 

TSS removal e f f i c i e n c y ,  % 
sur face l oad ing  r a t e ,  g a l / f t 2 * d  

The degree o f  s c a t t e r  and l i m i t a t i o n s  of t h e o r e t i c a l  approaches are i l l u s ­
t r a t e d  i n  F igure  28, which i s  based on 24-hour i n f l u e n t  and e f f l u e n t  samples 
from a pr imary t reatment  p l a n t  i n  San Franc isco r e c e i v i n g  storm and s a n i t a r y  
f lows from a combined sewer system [171. Thus, even a s i n g l e  p l a n t  w i l l  
e x h i b i t  wide day-to-day f l u x e s  i n  e f f i c i e n c y  under the  same sur face l oad ing  
ra te .  The p o t e n t i a l  f o r  removal e f f i c i e n c i e s  t o  vary  du r ing  i n d i v i d u a l  storm 
events i s  shown i n  Table 18 [171, wherein performance over t h e  f i r s t  2 storm 
hours ( f i r s t  f l u s h )  i s  compared t o  the average performance over the e n t i r e  
storm event. 

Representat ive removal e f f i c i e n c i e s  associated w i th  p l a i n  sedimentat ion o f  
wastewater i n  convent ional  p l a n t s  are l i s t e d  i n  Table 19. Because o f  the  
l i m i t e d  data base, independent performance ranges cannot be presented f o r  
urban stormwater, b u t  the presumption i s  t h a t  they w i l l  be s i m i l a r .  I n  San 
Francisco, comparison o f  heavy meta ls  between f i l t e r e d  and n o n f i l t e r e d  
stormwater samples i n d i c a t e d  t h a t  the  m a j o r i t y  o f  heavy meta ls  were associated 
w i t h  the s o l i d s  f r a c t i o n  [171; thus, e f f l u e n t  q u a l i t y  improvement would be 
expected t o  be associated w i t h  sedimentation. I n  the  l i m i t e d  number o f  storm 
composites measured be fore  and a f t e r  t reatment,  however, a conc lus ive  t rend  
was n o t  apparent. 
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C O N V E N T I O N A L  P R I M A R Y  T R E A T M E N T  
W I T H  M E C H A N I C A L  S L U D G E  R E M O V A L  

F R O M  R E F .  [d] 
T Y P I C A L  	  C S O  S T O R 1 5 ~ E / S E D l M E N T A T I O N  
W I T H O U T  M E C H A N I C A L  S L U D G E  R E M O V A L  

I I I I 1 I I J 
5 00 1 0 0 0  2 000 3 000 4 000 

S =  S U R F A C E  L O A D I N G  R A T E ,  ga l / f t 2 . d  

3 . 6  1 . 8  0 . 9  0 . 6  0 . 4 5  
O E T E N T I O N  T I M E  ( A S S U M I N G  l o f t  A V G  D E P T H ) ,  h o u r s  

F i g u r e  27. Typ ica l  TSS removal e f f i c i e n c i e s - - b y  sed imenta t ion  

N O R T H  P O I N T  W P C P  
W E T - W E A T H E R  1 9 7 7 - 1  9 7 8  

( O A l  L Y  C O M P O S I T E  V A L U E S  
F O R  R A I N F A L L >  0.1 0 i n . )  

L E A S T  S Q U A R E S  F I T  

0 o o  0 
20  

0 
 

1 I I 1 I I I J 
, o  5 0 0  1 0 0 0  2 000 3000 4 000 

S = S U R F A C E  L O A D I N G  R A T E ,  ga l / f t 2 * d  

F i g u r e  28. Experienced TSS removal e f f i c i e n c y  v a r i a t i o n s  El71 

7 - 8  



T a b l e  18.  PILOT PLANT PERFORMANCE O N  R I C H M O N D - S U N S E T  
STORMWATER ( C S O )  FLOWS [171 

T o t a l  s torm F i r s t  f 1usha 

Tes t  Sur face- loading Avg TSS Avg TSS 
d u r a t i o n  r a t e  Avg removal, Avg removal, 

Date' h g a l  / f t i - d  I n f l u e n t  E f f l u e n t  I I n f l u e n t  E f f l u e n t  % 
~~ 

2/28/79 7.5 1.500-2,400 128 87 32 176 92 48 
3/16/79 14.5 1,600-2.400 111 70 30 173 105 39 
3/56/79 

a.m. 22.5 2,000-2,400 98 49 50 255 118 61 
p.m. -- -- -- -- 152 42 72 

a. Average o f  a l l  grab samples over  f i r s t  2 hours o f  storm unless otherwise noted 
b. Morning shower l a s t e d  o n l y  1 hour;  main s torm s t a r t e d  4-1/2 hours l a t e r .  

T a b l e  19 .  COMMON REMOVAL E F F I C I E N C I E S  ASSOCIATED 
 
WITH P R I M A R Y  S E D I M E N T A T I O N  OF S A N I T A R Y  WASTEWATER C171 
 

Wastewa,ter Removal e f f i c i e n c y ,  X 

BOD 
 25-40 
TSS 
 40-70 
S e t t l e a b l e  sol i d s  
  85->95 
 

Bac t e r i  a 
 25-75 
T o t a l  n i t r o g e n  
 5-25 
T o t a l  phosphorus 
 5-20 
Grease and o i l  
 40-60 

S t u d i e s  f o r  M i lwaukee  have deve loped  p r o c e s s  c u r v e s  f o r  d e t e n t i o n  t a n k s ,  
e v a l u a t i n g  p o l l u t a n t  r e d u c t i o n  and v o l u m e t r i c  e f f i c i e n c y  f o r  s e v e r a l  t a n k  
vo lumes.  Suspended s o l i d s  and BOD r e t e n t i o n  and p e r c e n t  o f  s t o r m  volume 
r e t a i n e d  f o r  b o t h  w e t - and d r y - y e a r  r a i n f a l l s  a r e  shown i n  F i g u r e  29 C181. The 
s t u d y  a l s o  showed a d e c r e a s i n g  e f f i c i e n c y  p e r  u n i t  volume as t a n k  s i z e  
i n c r e a s e s ,  as shown i n  F i g u r e  30. -. 

D i s in f  e c t  ion 

Where d i s i n f e c t i o n  i s  o f t e n  r e q u i r e d  i n  a s t o r a g e / s e d i m e n t a t i o n  b a s i n ,  a 
minimum c o n t a c t  p e r i o d  i s  s p e c i f i e d .  F u r t h e r ,  t h e  consumpt ion  o f  d i s i n f e c t a n t  
( t y p i c a l l y  c h l o r i n e  o r  a c h l o r i n e  d e r i v a t i v e )  and i t s  e f f e c t i v e n e s s  a r e  
a d v e r s e l y  impac ted  by s o l i d s  i n  t h e  f l o w .  T h e r e f o r e ,  where d e t e n t i o n  p e r i o d s  
d i c t a t e d  by  s t o r a g e  r e q u i r e m e n t s  a r e  s i g n i f i c a n t l y  l o n g e r  t h a n  t h e  c o n t a c t  
p e r i o d  r e q u i r e d ,  m u l t i s t a g e d  b a s i n s  s h o u l d  be c o n s i d e r e d  w i t h  t h e  d i s i n f e c t a n t  
added t o  t h e  f i n a l  s t a g e ( s )  o n l y .  I n  t h i s  manner, t h e  b e n e f i t s  o f  t h e  
p a r t i a l l y  c l a r i f i e d  was tewa te r  w i l l  be r e a l i z e d .  Common dosage r e q u i r e m e n t s  
a r e  1 5  t o  30 mg/L o f  a v a i l a b l e  c h l o r i n e .  
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High- ra te  d i s i n f e c t i o n  o f  raw and prescreened combined sewer over f lows us ing  
sodium h y p o c h l o r i t e  w i t h  h igh  v e l o c i t y  g rad ien ts  i n  the  con tac t  chamber o r  
us ing  c h l o r i n e  alone o r  c h l o r i n e  fo l lowed by c h l o r i n e  d i o x i d e  has been tes ted  
[19, 20, 21, 221. Resul ts  equ iva len t  t o  t h a t  o f  normal p r a c t i c e  were achieved 
us ing  dosages as low as 8 mg/L and con tac t  t imes as sho r t  as 3 minutes and 
less.  Flow c o n t r o l  must be es tab l i shed and the  f l o d r a t e s  known i n  order  t o  
e f f e c t i v e l y  pace the dosage. Because o f  the r a p i d  changes i n  f l o w  t y p i c a l l y  
rece ived i n  s toragelsedimentat ion basins,  pacing d i s i n f e c t i o n  add i t i ons  s o l e l y  
by  e f f l u e n t  res idua l  mon i to r ing  has n o t  been e f f e c t i v e  C231. 

S i t e  Cons t ra in t s  

Whereas approximately one ou t  o f  ten convent ional  wastewater t reatment  p l a n t s  
i s  covered, the reverse i s  the general r u l e  f o r  downstream storage/ 
sedimentat ion bas ins serv ing combined sewer areas. This  i s  because a v a i l  ab le  
l a n d  along wa te r f ron ts  w i t h i n  the urban core i s  t y p i c a l l y  i n  very  h i g h l y  
developed o r  r e c r e a t i o n  o r ien ted  areas; thus, i n  t h e  p u b l i c ' s  mind a t  l e a s t ,  
i t  i s  incompat ib le  w i t h  open raw sewage basins. H i s t o r i c a l l y ,  t reatment  
p l a n t s  have been b u i l t  i n  quas i - i so la ted  areas and development has encroached 
on the  s i t es .  Conversely, CSO systems and t h e i r  assoc iated urban development 
e x i s t ,  and i t  i s  the  t reatment  f a c i l i t y  t h a t  must do the encroaching. I n  
smal le r  comnunit ies (i.e., Chippewa F a l l s ,  Wisconsin C231, and M t .  Clemens, 
Michigan C241, comparat ive ly  is01ated c e n t r a l l y  l o c a t e d  areas have been found 
and open bas ins cons t ruc ted  and operated w i t h o u t  repo r ted  nuisance. In t h e  
m a j o r i t y  o f  cases, however (i.e., Akron C251, Boston C261, Milwaukee C181, New 
York [27], Sacramento, Saginaw C281, and San Franc isco) ,  the  f a c i l  i t i e s  a re  
covered and i n  some cases bur ied.  I n  the cases o f  Akron and Saginaw, use i s  
made o f  the  l a n d  above the s t ruc tu re .  

I n  San Francisco, problems w i t h  l i m i t a t i o n s  i n  usable w a t e r f r o n t  space were 
coupled w i t h  the  need t o  i n t e r c e p t  a m u l t i t u d e  o f  d ispersed over f low p o i n t s  i n  
a r r i v i n g  a t  an i nnova t i ve  s to rage- t ranspor t  concept. I n  t h i s  case, l a rge ,  
elongated downstream storage/sedimentat ion basins--super sewers--were 
cons t ruc ted  t h a t  combined storage/sedimentat ion f u n c t i o n s  ( i.e. , pre t rea tment  
f o r  over f lows)  w i t h  i n t e r c e p t i o n  and t r a n s p o r t  func t ions .  The Nor th Shore 
consol i d a t i o n  p r o j e c t ,  f o r  example, prov ides a mono1 i t h i c  box condu i t  and 
tunnel  s t r u c t u r e  snaking along 3 m i l e s  o f  wat r f r o n t .  The p r o j e c t  i n t e r c e p t s  
seven ove r f l ow  po in ts ,  prov ides 23 Mgal (87 m5) o f  storage, conveys f lows t o  a 
c e n t r a l  l o c a t i o n  f o r  pumping t o  t reatment,  and prov ides  pre t rea tment  o f  over­
f lows (an  average o f  four per year )  by sedimentat ion and skimming. The f a c t  
t h a t  "super sewers'' can prov ide s i g n i f i c a n t  t rea tment  du r ing  per iods  o f  
o v e r f l  w i s  demonstrated i n  opera t ing  data taken f rom the 2 m i l e  long, 62 Mgal 
(235 m9 capac i ty ,  Red Run Dra in near D e t r o i t  C291 and shown i n  Table 20. 

Even covered f a c i l i t i e s  vary i n  t h a t  some pe rm i t  ope ra to r  access dur ing  
opera t ions  (i.e., walkways and working space above t h e  f r e e  water surface) , 
where o thers  can be entered (as  i n  sewers) o n l y  i n  a dewatered cond i t ion .  The 
n e t  impact i s  f r e q u e n t l y  a doubl ing and redoub l ing  o f  the  bas ic  f u n c t i o n a l  
cos t ;  however , the a1 t e r n a t i v e s  are t y p i c a l  l y  no more acceptable than open 
sewers would be. 
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Table 20. PERFORMANCE OF THE RED RUN CSO 
SEDIMENTATION/TRANSPORT B A S I N  [29] 

-
Tota l  suspended sol Ids  V o l a t i l e  suspended sol lds 

Ston 
drtt 

I n f l u e n t ,  
W L  

E f f l u e n t ,  
w / L  

Removal, 
% 

I n f l u e n t ,  
nq/L 

E f f l u e n t ,  
W L  

Ren~vaT,
I 

3114-15/78 116 102 12 62 36 42 

3121-22/7a 52 36 31 32 20 38 
510178 238 168 29 128 54 59 

5/13/7a 114 38 67 64 4 94 

5/30/78 294 152 48 170 26 85 

L im i ted  s tud ies  o f  odor generat ion from stored urban stormwater (CSO) 
conducted a t  San Franc isco [ZO] f o r  two storms. These s tud ies  showed t h a t  f o r  
1,500 g a l l o n  (5,678 L )  samples o f  f i r s t  f l u s h  stormwater s to red  i n  covered b u t  
vented storage, hydrogen s u l f i d e  generat ion peaked 24 hours a f t e r  c o l l e c t i o n  
b u t  t h a t  concent ra t ions  had n o t  reached a d i s t i n g u i s h a b l e  l e v e l  (0.3 ppm­
vo lumet r i c ) ,  even a f t e r  48 hours. Highest odor p o t e n t i a l  should be expected 
du r ing  dewatering opera t ions  as s e t t l e d  sludge i s  exposed. Options f o r  s ludge 
removal systems, performance assessment under v a r i a b l e  f lowra tes ,  and o ther  
design d e t a i l s  are discussed i n  the f o l l o w i n g  sect ion.  

DESIGN PROCEDURE/EXAMPLE 

A suggested des ign methodology was shown p rev ious l y  i n  Sec t ion  4. Each of t h e  
i nd i ca ted  steps i s  discussed below and examples are in t roduced where 
appl i c a b l  e. 

SteD 1 - I d e n t i f y  Funct ional  Reauirements 

As noted prev ious ly ,  the  in tended opera t iona l  f u n c t i o n  o f  the downstream 
storagelsedimentat ion bas in  w i l l  determine i t s  design emphasis ( i  .e., does i t s  
t reatment  func t i on  rank pr imary  o r  secondary w i t h  respec t  t o  storage).  
Obviously, a f a c i l i t y  t h a t  w i l l  s p i l l  o r  d ischarge under a l l  b u t  the smal les t  
o f  storms (i.e., a t y p i c a l  d e t e n t i o n - c h l o r i n a t i o n  f a c i l i t y )  should be designed 
as a t reatment  f a c i l i t y .  For  a discharge frequency of a few times a year,  a 
design predicated ma in l y  on c o n s t r u c t i o n  and opera t ion  economics would be 
warranted. Area hydro1 ogy, system hydraul  i cs ,  and ove r f l ow  frequency 
o b j e c t i v e s  w i l l  determine the  vo lumet r ic  capac i t y  requ i red .  As s ta ted  
e a r l i e r ,  simp1 i f i e d  cont inuous s imu la t i on  models are g e n e r a l l y  b e s t  s u i t e d  t o  
t h i s  task and d e t a i l e d  user manuals 11, 4 1  have been prepared. 

Answers t o  be prov ided by  the  model o r  developed from the  model ou tpu t  
inc lude:  

0 	 Design vo l  umetr ic  capac i t y  o r  m a t r i x  o f  storage-dewater ing 
( t rea tment )  r a t e  combinat ions t h a t  meet over f low frequency c r i t e r i a .  
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0 	 Frequency d i s t r i b u t i o n  o f  u n i t  o p e r a t i o n s  by month, y e a r ,  and p e r i o d  
o f  record.  

0 	 Frequency d i s t r i b u t i o n  o f  o p e r a t i o n  d u r a t i o n s ,  s t o r a g e  vo l  umes 
u t i l i z e d ,  t rea tment  r a t e s  exper ienced, o v e r f l o w  events ,  o v e r f l o w  
r a t e s ,  o v e r f l o w  d u r a t i o n s ,  and between storm downtime a v a i l  a b i l  ity. 

0 	 F i r s t  c u t  assessment o f  s o l i d s  app l ied ,  s o l i d s  r e t a i n e d  o r  d i v e r t e d ,  
and so l  i d s  over f lowed.  

0 	 F i r s t  c u t  assessment o f  t h e  impact  o f  t h e  reduced s o l i d s  and 
p o l l u t a n t  l o a d  on t h e  r e c e i v i n g  water  q u a l i t y  and t h e  d e t e r m i n a t i o n  
o f  t h e  c o s t - e f f e c t i v e n e s s  o f  t h e  proposed f a c i l i t i e s .  . 

Where an NPDES p e r m i t  has been issued, i t  must be c o n s u l t e d  t o  i d e n t i f y  any 
r e s t r i c t i o n s  on d ischarges i n  terms o f  c o n c e n t r a t i o n s ,  mass l o a d i n g s  ( i.e:, 
b a s i n  p l a n  waste l o a d  a1 1o c a t i o n s )  , d i s i n f e c t i o n  requi rements,  and r e p o r t i n g  
c r i t e r i a .  Where NPDES p e r m i t s  have n o t  been issued, t a r g e t  c r i t e r i a  must be 
e s t a b l i s h e d  through meet ings w i t h  r e g u l a t o r y  agencies hav ing  j u r i s d i c t i o n ,  and 
must  be supported th rough c o s t - e f f e c t i v e n e s s  a n a l y s i s .  

SteP 2 - I d e n t i f y  S i t e  C o n s t r a i n t s  

S i t e s  f o r  downstream s torage/sed imenta t ion  bas ins  shou ld  be i d e n t i f i e d  and 
c a t a l o g e d  w i t h  r e s p e c t  t o  a t  l e a s t  t h e  f o l l o w i n g  c r i t e r i a :  

0 	 Accessi b i l  it y  t o  the c o l l  e c t i o n  condu i t ,  t h e  i n t e r c e p t o r  ( f o r  
pos tevent  dewater ing) ,  and a s u i t a b l e  o v e r f l o w  p o i n t  f o r  d ischarges .  

To ta l  usable area and i t s  dimensions and c o n f i g u r a t i o n .  

0 	 H y d r a u l i c  da ta  on i n f l u e n t  l e v e l s ,  r e c e i v i n g  water  l e v e l s ,  (normal 
and f l o o d ) ,  and i n t e r c e p t o r  l e v e l s  t o  i d e n t i f y  s tage and pumping 
requi rements f o r  t h e  proposed f a c i l  i t y .  

0 	 Environmental  s e t t i n g  such as p r o x i m i t y  t o  res idences,  pub1 i c  
f a c i l i t i e s ,  compat ib le  and noncompat ib le l a n d  uses, v i s u a l  exposure, 
and p r e v a i l  i n g  winds. 

0 	 Geotechnical  c o n d i t i o n s  and probable s t r u c t u r a l  requi rements ( i  .e., 
p i 1e suppor ts ,  hazards t o  a d j  acent  s t r u c t u r e s  and u t i l  it i e s ,  e t c .  1 

0 	 A c c e s s i b i l  i t y  t o  u t i l  i t y  s e r v i c e s  and f o r  c o n s t r u c t i o n  and o p e r a t i o n  
a c t i v i t i e s .  

T y p i c a l l y ,  t h i s  i n f o r m a t i o n  w i l l  be used i n  s e l e c t i n g  the  main t r e a t m e n t  
geometry i n  Step 4. 
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Step 3 - Establ  i s h  Basis o f  Design 

The purpose o f  t h i s  step i s  t o  determine i n f l u e n t  c h a r a c t e r i s t i c s  and load ing  
r a t e s  necessary t o  meet the requirements s e t  down i n  Step 1. Representat ive 
i n f l u e n t  c h a r a c t e r i s t i c s  may be developed, i n  the case o f  CSO systems, from 
d i r e c t  f i e l d  measurements and supplemented by an ana lys i s  o f  dry-weather 
wastewater t reatment  p l a n t  i n f l  uent data dur ing  wet-weather operat ions.  These 
data should be segregated by (1) storm s i z e  ( r a i n f a l l  recorded) ,  (2) seasonal 
occurrence, ( 3 )  t ime i n t o  the event, e tc .  

I n  add i t i on ,  i t  i s  recomnended t h a t  s e t t l  i n g  co l  umn t e s t s  be performed as a 
b a s i s  f o r  p r e d i c t i n g  bas in performance. These t e s t s  have found wide 
acceptance i n  the i n d u s t r i a l  waste t reatment  f i e l d  (where designers f r e e l y  
admit  l a c k  o f  knowledge o f  a p a r t i c u l a r  wastes s e t t l i n g  behavior ) .  However, 
these t e s t s  are r a r e l y  performed on munic ipa l  wastewaters where (1) the 
assumption i s  made t h a t  behavior w i l l  be t y p i c a l ,  o r  (2) t h a t  the 
sedimentat ion u n i t  process w i l l  be fo l l owed  by a d d i t i o n a l  u n i t  processes; thus 
the  re1a t i v e  importance o f  pr imary s e t t l  i n g  c h a r a c t e r i s t i c s  i s  small. I n  
urban stormwater management, the a d d i t i o n a l  t e s t i n g  i s  c e r t a i n l y  warranted. 
I n  a d d i t i o n  t o  knowing the i n f l u e n t  suspended s o l i d s  concentrat ion,  i t  would 
be extremely i n fo rma t i ve  t o  know the  range o f  s e t t l i n g  v e l o c i t i e s  f o r  t he  
p a r t i c l e s  and the mass t h a t  can be s e t t l e d  w i t h i n  a reasonable t ime pe r iod  
when s e l e c t i n g  sur face load ing  r a t e s  and de ten t i on  times f o r  design. 

I n  t r a n s l a t i n g  t h e '  i d e a l i z e d  (qu iescent )  s e t t l i n g  column r e s u l t s  i n  design, 
t e x t s  cau t ion  t h a t  t o  account f o r  t he  l e s s  than optimum cond i t i ons  encountered 
i n  the  f i e l d ,  the design s e t t l i n g  v e l o c i t y  o r  sur face l oad ing  r a t e  obta ined 
from column s tud ies  should be m u l t i p l i e d  by a f a c t o r  o f  0.50 t o  0.85 and 
de ten t i on  times by a f a c t o r  o f  1.25 t o  2.0 [lo, 231. Heinke e t  a l .  C301 found 
good c o r r e l a t i o n  between s e t t l  i n g  co l  umn r e s u l t s  and measured performance o f  
t h ree  munic ipa l  p l a n t s  i n  Canada moni tored over a 4-year per iod.  

P r e d i c t i o n s  of sedimentat ion tank performance made from s e t t l  i n g  column t e s t s  
compared c l o s e l y  w i th  a c t  a1 tank performance under low over f low r a t e s  o f  
about 600 g a l / f t 2 . d  ( 2 4  mY/m2*d). For  h igher  over f low ra tes ,  t he  actual  
performance of the s e t t l i n g  tanks was much b e t t e r  than the p r e d i c t i o n s  from 
the  s e t t l i n g  tes ts .  

The use of the suspended s o l i d s  removal e f f i c i e n c i e s  f o r  var ious  ove r f l ow  
r a t e s  can be used t o  p r e d i c t  t he  e f f i c i e n c y  o f  a sedimentat ion bas in  f o r  
unsteady f l o w  cond i t ions .  A t ime-step approach u t i l  i z i n g  the ove r f l ow  r a t e ,  
and the  p red ic ted  e f f i c i e n c y  a t  t h a t  over f low ra te ,  and the i n f l u e n t  suspended 
sol  i d s  concent ra t ions  can est imate the  o v e r a l l  e f f i c i e n c y  f o r  a storm o r  
se r ies  o f  storms. 

Example 1 i l l u s t r a t e s  the  use o f  s e t t l i n g  column t e s t  r e s u l t s  i n  e s t a b l i s h i n g  
a p ro jec ted  performance curve. 
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E x a m p l e  1. COMPUTE TSS PERFORMANCE CURVE FROM SETTLING COLUMN TEST RESULTS 

Spec i f ied  Condi ti= 

l,,Laboratory t e s t  r e s u l t s  were obtained from a s e t t l i n g  colunn t e s t  of  a 2 hour composite 
sample o f  " f i r s t  f l ush "  CSO. Test column was 6 i n .  diameter, 10 f t  high, w i t h  sample 
taps a t  24 i n .  centers.  The composite sample was premixed and pumped i n t o  the column. 
Samples were drawn from each tap  i n i t i a l l y  and repeated a t  spec i f i ed  time in te rva l s .  
TSS r e s u l t s  f o r  the i nd i v idua l  samples were as fo l lows:  

TSS resu l t s ,  mg/L 

Elapsed time, minutes 
I n i t i a l  

depth, i n .  0 30 60 90 120 

5 202 136 112 96 --
29 240 172 122 126 110 
53 384 148 126 132 118 
77 384 236 140 142 124 

101 408- 226 154 138 118 
Mean values 324 184 131 127 118 

2. Sedimentation tank depth i s  10 ft. 

Assumptions 
1. 	 Assume a surface load ing  r a t e  scale f a c t o r  o f  0.75 t o  t r a n s l a t e  the " idea l i zed"  column 

r e s u l t s  t o  a f i e l d  basin. 

Sol ut ion 
1. Ca lcu la te  TSS removals as a percent o f  i n i t i a l  mean concentrat ion.  

TSS removal resu l ts ,  'x 

Elapsed time, minutes 
I n i t i a l  

depth, in. 0 30 60 90 120 

5 -_ 58 65 70 --
29 -- 47 62 61 66 
53 -- 54 61 59 64 
77 -_ 27 57 56 62 

101 -- 30 52 57 64 

2. P l o t  r e s u l t s  t o  scale and sketch i n  bes t  f i t  removal curves f o r  30%, 40%. 50%, 60%, and 70%. 

- \
3 

0 3 0  n o  80  1 2 0  
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3 .  	  Compute the percent removal a t  30, 60, 90, and 120 minutes by p r o p o r t i o n a l i t y .  For example, 
a t  t = 120 minutes, percent removal 

Time Ca lcu la t ion  Remova 1 

120 (&x F)t(Gx ?)= 6.37 + 60.13 = 66.5 

= 61.3 

= 55.5 

130 17 
30 (m T)+(r?-S 

110' 20 90 +/42
T)+(iET-) \m 2 ~ 40 

2 )  (123 
-:"> = 3 7 - 9  

4 .  	  Using 10 f t  depth, compute surface loadings correspondin t o  de ten t ion  times and apply sca le  
fac to rs  (0.75 surface load ing  and 1.33 t o  de ten t ion  time! f o r  p ro jec ted  pro to type performance. 

Unscaled ( i d e a l )  performance Pro jec ted  performance 

Detent ion Surface Removal Detent ion Surface Removal 
t ime .  min loading, g a l / f t 2 * d  e f f i c i e n c y ,  % time, min. load ing ,  g a l / f t 2 . d  e f f i c i ency ,  

30 3,591 38 40 2,693 38 

60 1,796 56 80 1.347 56 

90 1,197 61 120 898 61 

120 898 66 160 674 66 

5 .  P l o t  p ro jec ted  performance r e s u l t s  f o r  use i n  Example 7. . 

Comnents 
' F i r s t  f lush  t e s t  behavior shows continued good performance a t  h i g h  overf low ra tes .  

Problem i n  completely mixing the  sample i n  the  s e t t l i n g  column a t  t = 0 i s  evident i n  
the  t e s t  resu l t s .  I dea l l y ,  the  concentrat ions a t  each depth a t  t = 0 should f a l l  
w i t h i n  10% o f  the  mean value. 
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Step 4 - Se lec t  Main Treatment Geometry 

The geometry o f  a downstream storage/sedimentat ion bas in  w i l l  be governed by  
the  c o n s t r a i n t s  i d e n t i f i e d  i n  Step 2 ,  t he  l oad ing  r a t e s  se lec ted  from Step 3, 
and the  opera t iona l  concept developed from the Step 1 frequency analyses. For  
example, i f  a l a r g e  number o f  the t o t a l  p l a n t  opera t ions  w i l l  use, say 50% o f  
the s torage capac i ty  o r  less ,  a compartmented bas in  w i t h  sequent ia l  f i l l i n g  
cou ld  g r e a t l y  reduce cleanup operat ions w i t h o u t  any impact on performance. 
Also, i f  the c h a r a c t e r i z a t i o n  data i n d i c a t e  a pronounced f i r s t  f l ush ,  
segregat ing t h i s  l o a d  from the balance o f  the storm may be b e n e f i c i a l  from 
bo th  a cleanup and performance aspect. 

Basic reasons f o r  d i v i d i n g  storage/sedimentat ion bas ins  i n t o  compartments are:  

0 To reduce s h o r t  c i r c u i t i n g  

0 	 To f a c i l i t a t e  cleanup and sludge removal from tanks t h a t  f i l l  
i n  se r ies  

0 To permi t  i s o l a t i o n  o f  s lug  loads i n  i n d i v i d u a l  tanks 

0 To prov ide  opera t iona l  redundancy through pa ra l  1e l  u n i t s  

When compartments a re  1inked i n  se r ies  (Saginaw, Sacramento) , s h o r t  c i r c u i t i n g  
i s  minimi zed. When compartments are operated i n  pa ra l  1e l  (Boston, New York 
C i t y )  , 1ongi  t ud ina l  f l ow (resuspension) v e l o c i t i e s  a re  minimized. Camp [ l l l
notes t h a t  i t  has been cornon p r a c t i c e  t o  l i m i t  des ign l o n g i t u d i n a l  v e l o c i t i e s  
i n  s e t t l i n g  tanks t o  about 3 f t /m in  (0.02 m / s ) .  However, he notes t h a t  
desp i te  a dear th  o f  experimental data the re  i s  i nc reas ing  evidence t h a t  h ighe r  
v e l o c i t i e s  a re  accompanied by b e t t e r  removal s .  Thi s phenomenon occurs because 
the  a d d i t i o n a l  f l o c c u l a t i o n  caused by turbulence i n  the  tank may speed up t h e  
s e t t l i n g  t o  a g rea ter  ex ten t  than t u r b u l e n t  mix ing  r e t a r d s  it. Heinke et .  a1 
C301 suggest 8 f t / m i n  (0.04 m / s )  as a maximum design va lue f o r  p r imary  
sedimentat ion tanks based on f i e 1d observat ions.  I n i t i a l  resu l  t s  from Saginaw 
[241, as shown i n  Table 21, suggest p o t e n t i a l  b e n e f i t s  from the s e r i e s  ( two-
stage s e t t l  i n g )  con f igu ra t i on .  However, a t  present  t he re  are no s e t t l  i n g  
co l  umn t e s t  r e s u l t s  t o  compare the  t h e o r e t i c a l  and ac tua l  removal e f f i c i e n c i e s  
based on i n f l u e n t  c h a r a c t e r i s t i c s  and bas in  design. One poss ib le  exp lanat ion  
i s  t h a t  CSO conta ins  n o t  on l y  those sol  i d s  found i n  s a n i t a r y  sewage b u t  a1 so 
a d d i t i o n a l  g r i t  and sand resuspended from the sewer o r  f l ushed i n t o  the sewer 
from urban areas. 

Table 21. PERFORMANCE OF THE HANCOCK STREET 
SEDIMENTATION, SAGINAW, M I  

Suspended sol Ids 

Storm 
date 

Avg surface 
loading r a t e ,  

ga 1/ f t 2 . d  

Longitudlnal 
ve loc l ty

f t / n l n  
In f luent .  

W L  
E f f l u e n t ,

mg/L 
Removal. s 

8119/78 970 3.7 896 6 2  93 

911 3/78 1,235 4.7 149 27 82 

9/20/7a 2.270 8.7 420 232 45 
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When t reatment  e f fec t i veness  i s  the pr imary concern, i n l e t  and o u t l e t  works 
should be designed as i n  convent ional  wastewater t reatment  p r a c t i c e  [ l o ,  311, 
(i.e., t o  min imize dens i ty  cu r ren ts ,  s h o r t  c i r c u i t i n g ,  resuspension, and 
tu rbu lence) .  The i n l e t  works should spread the i n f l u e n t  evenly  across t h e  
v e r t i c a l  c ross-sec t ion  o f  the  tank w i thou t  resuspending the sludge b l a  ke t .  
E f f l u e n t  we i r  l oad ing  ra tes  o f  10,000 t o  40,000 g a l / f t * d  (125 t o  500 m9/mad) 
a re  rep resen ta t i ve  o f  convent ional  design [ l o ] .  When the b a s i n ' s  f u n c t i o n  i s  
b a s i c a l l y  storage, i n l e t  and o u t l e t  works should be as simple as p r a c t i c a l ,  
b u t  e f f l u e n t  and, probably,  i n t e r s t a g e  b a f f l e s  should be prov ided t o  min imize 
scum car ryover .  

Two major,  and f requen t l y  the most con t rove rs ia l ,  des ign dec is ions  w i l l  be t h e  
degree and means o f  cover ing the  bas ins and t h e  means o f  s o l i d s  and f l o a t a b l e s  
removal. Both a re  expected t o  impact c o s t  and aes the t i cs  more than they do 
performance; however, past  p r a c t i c e s  may have underest imated t h e  Val ue o f  
cont inuous s l  udge removal . O f  the 10 downstream storage/sedimentat ion bas ins 
reviewed i n  a recent  s ta te -o f - the -a r t  assessment C321, a l l  contemplated a 
ba tch  ( f i l l - o p e r a t e d - d r a i n )  operat ion;  a1 1 bu t  two were covered; and none 
prov ided f o r  s o l i d s  removal u n t i l  a f t e r  the event. A p o t e n t i a l  l i a b i l i t y  o f  
a l l o w i n g  s o l i d s  t o  accumulate i n  the bas in  i s  the  resuspension o f  those s o l i d s  
du r ing  another opera t ion  o f  t he  bas in  before the s o l i d s  can be removed. 
Discharge o f  any o f  these sol  i d s  i n  the over f low resu l  t s  i n  an apparent 
reduc t i on  o f  the bas in  e f f i c i e n c y .  Data from New York C i t y ' s  Spr ing Creek 
F a c i l i t y  C331, the Cottage Farm f a c i l i t y  i n  Boston C321, and the W h i t t i e r  
S t r e e t  f a c i l i t y  i n  Columbus [321 e x h i b i t  t h i  behavior ,  e s p e c i a l l y  under 
sur face  l oad ing  ra tes  exceeding 3,000 g a l / f t  3 - d  C37.5 m3/m. d]. 

More impor tant ,  perhaps, i n  the  design and performance assessment o f  
f a c i l i t i e s  such as those i n  New York a t  Spr ing Creek (see Table 22) and Boston 
t h a t  p rov ide  bo th  storage and t rea tment  ( i g n o r i n g  f o r  the present  t h e i r  
p r imary  f u n c t i o n  f o r  over f low d i s i n f e c t i o n ) ,  are the  storm events t o t a l l y  o r  
s u b s t a n t i a l l y  contained. As an i l l u s t r a t i o n ,  Table 23 r e f l e c t s  the t o t a l  
f a c i l  i t y  performance a t  Spr ing Creek when t o t a l l y  conta ined events are 
c r e d i t e d  as 100% removal. Obviously, t h i s  i l l u s t r a t i o n  cou ld  be expanded t o  
account f o r  the  e f f i c i e n c y  o f  the downstream p l a n t  and f lows r e t a i n e d  i n  the 
bas in  and subsequently returned. However, the g rea te r  the percentage o f  
events t o t a l l y  contained, the  l e s s  w i l l  be the impact on n e t  performance o f  
the shor t - term e f f i c i e n c i e s  o r  i n e f f i c i e n c i e s  d u r i n g  d i  sc harge . 

Table 22. PERFORMANCE OF THE S P R I N G  CREEK 
AUXILIARY WATER POLLUTION CONTROL PLANT C331 

Events Monthly rverrger 
Ib. p l r n t  operrtionr t o t a l l y  

contahed.  Inf luent .  Eff luent ,  R m v a l .  
Vmr Strrtups Discharger I P r r r p t e r  mg/l .g/L 9 

1978 52 27 48 	 Tss 162 71 56 
Boo 56 31 4s 

a .  Aemvrl e f f ic ienc ies  r e f l e c t  perlods of  dlscharge only. 
b. 	 Months h e r e  rverrge eff luent  concentrrtlonr exceed average In f luent  concentration. 

excluding zero discharge months. 
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Table 23. NET BENEFITS APPROXIMATION OF 
SPRING CREEK FACILITIES 

N e t  remva 1 
Year Parameter Calculation ef f ic iency,  2 

1977 TSS 86 x 100 + 24 x 38 
110 86.5 

BOD 86 x 100 + 24 x 37 = 
110 86 .2  

1978 ' TSS 25 x 100 + 27 x 56 
52 77.2 

BOD 25 x 100 + 27 x 45  = 
52 71.4  

Example 2 i l l u s t r a t e s  the  use o f  cont inuous s imu la t i on  model ' (EPAMAC) r e s u l t s  
and a p ro jec ted  performance curve f o r  assessing the o v e r a l l  t reatment  
e f fec t i veness  o f  two opera t iona l  concepts: 

0 Concept 1 	 Mu1ticompartmented bas in w i t h  a l l  u n i t s  committed f o r  
each event. 

0 Concept 2 	 Same f a c i l  it i e s  as Concept 1, b u t  w i t h  1 i m i t i n g  number 
o f  compartments o n l i n e  t o  approach b u t  n o t  exceed a maximum 
over f l ow  r a t e  ob jec t i ve .  

Covering downstream storage/sedimentat ion basins on CSO systems i s  f r equen t l y  
a design requirement f o r  environmental compat ib i l  i t y .  Design cons idera t ions  
inc lude cos t ,  equipment access, and the c r e a t i o n  of a p o t e n t i a l l y  hazardous 
and co r ros i ve  environment. Adamski [341 sums up an opera to r ' s  perspec t ive  o f  
New York C i t y ' s  exper ience i n  cover ing  wastewater t reatment  p l a n t s  w i t h  the  
concl  us ion  t h a t  

"...covered t reatment  p l a n t s  a re  d i f f i c u l t  and c o s t l y  t o  b u i l d  and 
operate. That even by improving the  design fea tures ,  c e r t a i n  d i f f i c u l t i e s  
cannot be overcome. The reason f o r  cover ing i s  u s u a l l y  a r e s u l t  o f  
uneducated planners,  a r c h i t e c t s ,  and c i t i z e n s  who impose a burden on the  
opera tor  because the choices open t o  them are l i m i t e d .  When eva lua t i ng  
the  need f o r  a r o o f  on a sewage treatment p l a n t ,  the  reason f o r  i t must be 
c l e a r l y  de f ined and remain c l e a r  i n  the course o f  rev iew and the r h e t o r i c  
o f  p ro tes t .  I f  the  need i s  f o r  odor c o n t r o l ,  then the  b e s t  so lu t i on ,  
whether opera t ing  o r  s t r u c t u r a l  , should be se lec ted  a f t e r  adequate study 
o f  a l t e rna t i ves .  I f  the need i s  aes the t ic ,  then the p o i n t  o f  v iewing must 
be kept  i n  mind (whether from the ground o r  from above). I f  the need i s  
l a n d  o r  r e c r e a t i o n a l  oppor tun i ty ,  then t h a t  should be explored. I n  a l l  
cases, the c o s t  o f  s a t i s f y i n g  these needs should be spe l led  out  and the 
a b i l i t y  t o  choose o ther  needs t o  s a t i s f y .  Also, t he  opera tor  should be 
considered so t h a t  h i s  j o b  can be made easier."  1341 
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EXAMPLE 2. COMPARE TREATMENT EFFECTIVENESS OF TWO A L T E R N A T I V E  OPERATIONAL 
CONCEPTS: (1) MULTICOMPARTMENTED B A S I N  W I T H  A L L  A V A I L A B L E  B A S I N  CAPACITY 
ONLINE,  AND ( 2 )  SAME F A C I L I T I E S  BUT L I M I T I N G  NUMBER OF COMPARTMENTS ONLINE TO 
APPROACH BUT NOT EXCEED MAXIMUM SURFACE LOADING RATE OBJECTIVE.  

Spec i f ied  Conditions 

1. Maximum surface load ing  r a t e  ob jec t i ve  i s  3,000 g a l / f t z . d .  
2. Average annual operat ing requirements a re  as fo l l ows  ( f m  EPAMAC system ana lys is ) :  

Flowrate. Average annual 
Mgal/d hours o f  opera t ion  
>400 0 

400 260 
320 25 
240 38 
160 a9 
80 221 

Total  633 
Tota l  volume captured and t rea ted  by s e d h e n t a t l o n  - 4,940 Mgal 
Total  TSS app l ied  - 6,923,000 l b  ' 

3. 	 The storage/sedimentation f a c i l i t y  i s  t o  have f i v e  p a r a l l e l ,  i d e n t i c a l  basins w i t h  average 
sidewater depth o f  10 fee t .  

Assumptions 
1. For purposes o f  comparing opt ions,  assume TSS i n f l u e n t  concent ra t ion  i s  constant. 
2. Performance curve developed i n  Example 1 appl ies.  

Sol ut i o n  
1. Compute mean TSS concentrat ion appl ied.  

2. Compute requ i red  surface area f o r  f a c i l i t y  based on maxirnm surface load ing  ra te .  

3. 	  For Concept !,compute surface load ing  r a t e s  corresponding t o  design f lows (note i n  Concept 2 
surface l oad ing  r a t e  i s  always 3,000 g a l / f t z . d  by d e f i n i t i o n ) .  
Read removal e f f i c i e n c i e s  from performance. curve'(Examp1e 1) f o r  each -o f  these ra tes .  

Flow, Surface load ing  ra te ,  Removal 
Mgal/d gal / f t2.  d e f f i c i ency ,  % 

400 3,000 35 
320 2.400 41 
240 1,800 48 
160 1,200 56 
80 600 67 

2. Compute removal e f fec t i veness  o f  each 
Concept 1 

(80 Mgal/d)/24 x 8.34 x 168 x 221 h x 0.67 = 0.69 x lo6 l b  
(160 Mgal/d)/24 x 8.34 x 168 x 89 h x 0.56 = 0.47 x 106 l b  
(240 Mgal/d)/24 x 8.34 x 168 x 38 h x 0.48 = 0.26 x 106 l b  
(320 Mgal/d)/24 x 8.34 x 168 x 25 h x 0.41 = 0.19 x lo6 l b  
(400 Mgal/d)/24 x 8.34 x 168 x 260 h x 0.35 = 2.12 x lo6 l b  

To ta l  removed = 3.73 x 106 l b  
Net % removed = 54% 

Concept 2 

Total  TSS app l ied  6.923 x 106 l b  x 0.35 = t o t a l  removed= 2.42 x 106 Ib .  
5. Compute ne t  e f fec t i vess  improvement of  Concept 1 over Concept 2. 

(3.73 - 2.42)/2.42 = 	54% improvement i n  annual TSS removal by adopt ing 
Concept 1 over 'concept 2 

Comnent 
For the cond i t ions  stated, i t  i s  apparent t h a t  Concept 1 (maximizing tankage 
o n l i n e )  i s  associated w i t h  s i g n i f i c a n t  bene f i t s .  This might no t  be the case where the 
adopted maximm surface load ing  i s  much m r e  conservat ive,  where the  p e r f o m n c e  change 
as a func t ion  o f  surface load ing  r a t e  i s  l e s s  pronounced, o r  where the  requ i red  opera t ing  
h i s t o r y  i s  s i g n i f i c a n t l y  d i f f e r e n t .  
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T y p i c a l l y ,  where f l u s h i n g  i s  the adopted system (whether through f i x e d  o r  
movable nozz les) ,  a center  dewatering t r o u g h - - i n v e r t  s lope approximately 1%--
i s  prov ided running the l eng th  o f  the bas in  w i t h  f l o o r  s ide  s lopes t o  the 
t rough a t  5 t o  10%. Basins o r  i n d i v i d u a l  bays range from 27 f t  ( 8  m) t o  80 f t  
( 2 4  m )  i n  width,  and t y p i c a l l y  10 t o  20 ft ( 3  t o  6 m) i n  s idewater depth. 
Boston prov ides manual cleanup a f t e r  dewatering us ing  f i r e  hoses; New York 
uses t r a v e l i n g  b r idge  mounted sprays; and Saginaw uses a combinat ion o f  w a l l -
mounted f i x e d  sprays and s t r a t e g i c a l l y  pos i t i oned  h i g h  pressure f i r e  nozz le 
s ta t i ons .  

Under the l a t t e r  case, approximately 5 Mgal (19,000 m 3 )  o f  wa hwater ( s t r a i n e d  
r i v e r  water)  i s  used per  washdown cyc le  f o r  the  23 Mgal (87 m31 capac i ty  
r e s e r v o i r  [351. 

Ci ted  advantages o f  flushing water systems i n c l  ude 1ow cos t ,  thorough c lean ing  
performance, and minimum o f  mechanical equipment exposed t o  t h e  co r ros i ve  
environment. P r i n c i p a l  disadvantages would appear to be the i n a b i l i t y  t o  
remove sludge i n  o the r  than a dewatered bas in  c o n d i t i o n ,  energy requirements 
f o r  p ressu r i za t i on ,  and the increased l i q u i d  volume to be t r e a t e d  through the  
pump-back system. 

In 1i e u  o f  f l ush ing ,  Milwaukee uses seven mechanical m ixers  t o  resuspend 
s o l i d s  from i t s  0.7 acre (0.3 ha) f l o o r  area d u r i n g  dewater ing operat ions;  New 
York City uses a se r ies  o f  hydrau l i c  nozzles on a t r a v e l i n g  b r idge  t o  
resuspend so l  ids ;  Col umbus uses a t r a v e l  i n g  b r i d g e  mounted scraper blade; and 
San Francisco proposes t o  use convent ional  chain and f l i g h t  c o l l e c t o r s  i n  i t s  
Southwest wet-weather pr imary t reatment p lan t .  I n  t h e  l a t t e r  case, v i r t u a l l y  
a l l  operat ions (averaging 633 operat ing hours per y e a r )  w i l l  be i n  a f low-
through t reatment  mode as the  p r i n c i p a l  storage i s  p rov ided elsewhere i n  the  
system. To avoid problems experienced i n  e a r l  i e r  stormwater demonstrat ion 
p r o j e c t s  where chains and d r i v e s  have s i g n i f i c a n t l y  corroded ( r u s t  bound) 
under the normal fill and draw operat ions,  nonmeta l l i c  chains a r e  under 
considerat ion.  It i s  a1 so noted t h a t  w i t h  the  capab i l  i t y  f o r  cont inuous 
sludge removal, tanks may n o t  have t o  be dewatered th rough most o f  the wet-
weather season, easing maintenance requirements and ma in ta in ing  a s h o r t  
response t ime ( readiness- to-serve)  f o r  system a c t i v a t i o n .  I n  M t .  Clemens, 
s t i l l  another system w i l l  use a i r  and water j e t s  f rom wa l l  mounted headers to 
resuspend s o l i d s  i n  a s l u r r y  as a m o d i f i c a t i o n  o f  t h e  more t y p i c a l  f l u s h i n g  
system C241. 

One means c u r r e n t l y  used i n  Europe f o r  removal o f  s e t t l e d  s o l i d s  i s  a 
submersible pump suspended from a t r a v e l i n g  br idge.  The depth o f  the pump i s  
automati c a l l  y c o n t r o l  1ed so t h a t  s l  udge o f  the proper  consi  stency is w i  thdrawn 
( w i t h o u t  d i s t u r b i n g  the pond bottom when unl ined  ear then ponds are used). 

A t  Chippewa F a l l s ,  sol i d s  are removed from the dewatered bas in by  mechanical 
equipment ( s t r e e t  sweepers, loaders,  and dump t r u c k s ) .  The bas in  i s  l i n e d  
w i t h  aspha l t  and has a ramp down the s ide  f o r  v e h i c l e  access. A s i m i l a r  
system i s  used a t  several f a c i l i t i e s  i n  Europe also.  
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Step 5 - I d e n t i f y  and Se lec t  Pretreatment Components 

Pret reatment  components are se lected on the bas i s  o f  enhancing performance 
and/or operat ions.  T y p i c a l l y ,  t he  choices inc lude coarse screening and g r i t  
removal. The u n i t s ,  i f  provided, may be l oca ted  a t  the f a c i l i t y  o r  upstream 
o f  pumps serv ing the f a c i l i t y .  I n  p r a c t i c e ,  the adopted components i nc lude  
none, some, o r  a l l  o f  the above. The purpose o f  the  coarse bar  racks w i t h  2 
t o  4 i n .  ( 5  t o  10 cm) c l e a r  openings i s  to remove heavy ob jec ts  o f  a l l  
desc r ip t i ons  f rom the f l ow  t o  p r o t e c t  downstream equipment and t o  prevent  
t r a v e l  o f  ob jec ts  t o  more inaccessable loca t ions .  F i n e r  screens w i t h  0.75 t o  
1.5 i n .  ( 2  t o  4 an) c l e a r  openings t y p i c a l l y  remove rags and f i n e r  s o l i d s  t h a t  
tend t o  c log  process p ip ing ,  valves,  and pumps. They a lso t r a p  many o f  the  
f l o a t a b l e s  t h a t  otherwise migh t  appear i n  the e f f l u e n t .  Where bas in  over f lows 
are ra re ,  e i t h e r  o r  bo th  have been omit ted.  Separate g r i t  removal normal ly  
would be requ i red  o n l y  where t reatment  i s  the pr imary r o l e  o f  the f a c i l  i t y  and 
where g r i t  i s  t o  be handled separate ly  from the sludge. I n  some f a c i l i t i e s ,  
g r i t  i s  removed from the sludge a f t e r  sedimentat ion by  us ing  cyclone g r i t  
separators. Flow measurement and record ing  i s  recommended f o r  a l l  f a c i l  i t i e s  
t h a t  d ischarge f requent ly ;  whereas stage measurement and record ing  should 
s u f f i c e  f o r  basins which seldom overf low. Flow measurement i s  essent ia l  f o r  
pacing d i s i n f e c t a n t  dosages t o  reduce the  chance f o r  i n e f f e c t i v e  appl i c a t i o n  
and t o x i c  carryovers.  

SteD 6 - D e t a i l  A u x i l i a r v  Svstems 

Aux i l  i a r y  systems, those which support  and complete the pr imary  func t ion ,  
t y p i c a l l y  inc lude sludge removal and processing, f l ushing, d i s i n f e c t i o n ,  a i r  
handl i n g  and odor c o n t r o l ,  energy (power, 1i g h t i n g ,  heat ing) ,  and instrumen­
t a t i o n  and con t ro l .  Sludge processing cons idera t ions  i n c l u d e  ( 1 )  the  l o c a t i o n  
and method of u l t i m a t e  processing, ( 2 )  method o f  t r a n s p o r t ,  ( 3 )  t he  impact on 
e x i s t i n g  f a c i l i t i e s ,  and ( 4 )  c o n s t r a i n t s  ( i  .e., pumping ra tes ,  s o l i d s  
concentrat ion,  pret reatment)  t h a t  must be observed. The s imp les t  and most 
p rac t i ced  s o l u t i o n  i s  t o  r e t u r n  the sludge t o  the  i n t e r c e p t o r ,  sometimes w i t h  
an in te rmed ia te  d e g r i t t i n g  step. 

F1 ushing water system eva lua t i on  inc ludes  source of supply, quant ty and r a t e  
o f  a p p l i  a t i on ,  pressure requirements ( t y p i c a l l y  up t o  150 lb / in . ’  o r
11 kg/cm 51, d i s t r i b u t i o n  system, and method o f  c o n t r o l .  A conceptual drawing 
o f  the  Sacramento system as adapted t o  San Franc isco i s  shown i n  F igure  31 
C361. The design f l u s h i n g  water a p p l i c a t i o n  r a t e  i s  30 gal /min f t  o f  bas in  
l e n g t h  (21  L/m s) w i t h  100 f t  (30 m) segments t o  be f lushed sequent ia l l y .  

When f a c i l i t i e s  are covered, a i r  handl i n g  and gas mon i to r i ng  ( f o r  explos ive,  
cor ros ive ,  and t o x i c  p o t e n t i a l  are impor tan t  cons idera t ions .  In se lec t i ng  
a i r  change requirements f o r  enclosed secondary t rea tment  p lan ts ,  Adamski [34]  
notes t h a t  two a i r  changes per hour proved inadequate t o  c o n t r o l  m i s t i n g  and 
t h a t  l a t e r  New York City designs prov ided f o r  a minimum o f  s i x  a i r  changes per  
hour. Common p r a c t i c e  i n  covered CSO s torage/sedimentat ion bas ins seems t o  be 
6 t o  12 a i r  changes per  hour w i t h  the h igher  f i g u r e s  based on a f u l l  l i q u i d  
depth cond i t ion .  Var iab le  r a t e  a i r  handl ing c o n t r o l  through s tag ing  o r  speed 
con t ro l  appears des i rab le  f o r  energy conservat ion.  Standard p r a c t i c e s  f o r  
odor c o n t r o l  should be evaluated [37!.  
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H E A D E R  ( INTERNALLY O R  
EXTERNALLY IOUNTED)7  

FLOOR S P R A Y  

4 5 - D E 6  
F I L L E T  
  

N O T E  : C O N T R O L  V A L V E S  
I N  EACH S P R A Y  1.IWE 
NOT SHOWN. 

F i g u r e  31. F1 ushing water system concept [36]. 

As a r u l e ,  ins t rumenta t ion  and c o n t r o l  systems should be as s imple as poss ib le  
and should be designed g i v i n g  f u l l  r e c o g n i t i o n  t o  the c o r r o s i v e  environment 
and the  l e v e l  o f  ope ra t i on  and maintenance t o  be provided. Areas o f  study 
recommended are: 

0 Status and performance mon i to r i ng  

0 System a c t i v a t i o n  

0 System d e a c t i v a t i o n  

0 A u x i l i a r y  system c o n t r o l  

SteD 7 - Est imate Costs and Cost S e n s i t i v i t i e s  

D e t a i l e d  cos t  est imates 'should be prepared w i t h  emphasis on component systems 
and f o l l o w i n g  the  va lue  engineer ing gu ide l ines .  For example, what i s  t he  base 
c o s t  o f  t he  f a c i l i t y  t o  p rov ide  the func t i ona l  requirements i d e n t i f i e d  i n  
Step 1 on the  s i t e  se lec ted  i n  Step 2? What was the added c o s t  o f  cover ing  
i n c l u d i n g  a i r  handl ing? What was the added cos t  o f  pret reatment? sludge 
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removal? ins t rumenta t ion  and c o n t r o l ?  How much do s i t e  cond i t i ons  impact the 
base cos t?  This  ana lys is  should lead t o  a more c o s t  e f f e c t i v e  t o t a l  design. 

An opera t ions  p lan  and s t a f f i n g  and maintenance schedule should be f i n a l i z e d  
a t  t h i s  p o i n t  and operat ions and maintenance c o s t  p r o j e c t i o n s  made. As noted 
i n  e a r l i e r  s ta te -o f - the  a r t  assessments C23, 321, t he  p r o x i m i t y  o f  the 
storage/sedimentat ion bas in t o  a f u l l y  s t a f f e d  water p o l l u t i o n  c o n t r o l  p l a n t  
may prov ide  f o r  optimum j o i n t  s t a f f  u t i l  i z a t i o n .  

Step 8 - Complete Design 

The f i n a l  step i s  t o  conf i rm t h a t  a l l  o b j e c t i v e s  have been s a t i s f i e d .  This  
may r e q u i r e  several i t e r a t i o n s  back through e a r l  i e r  steps i n c l u d i n g  a 
reassessment o f  the bas ic  c r i t e r i a  once the s i t e  s p e c i f i c  cos ts  f o r  compliance 
are known. 

OPERATION AND MAINTENANCE CONSIDERATIONS 
  

The major  opera t ion  and maintenance goal o f  downstream storage/sedimentat ion 
bas ins  i s  t o  p rov ide  a f a c i l i t y  t h a t  i s  a v a i l a b l e  t o  i t s  f u l l  design capac i t y  
when needed and f o r  as long as needed. Secondary goals  i nc lude  c lear ,  prompt, 
and complete records o f  performance ( i.e., NPDES compl iance r e p o r t i n g )  , 
r e l i a b i l i t y  t o  prov ide f o r  r e a l l o c a t i o n  o f  personnel and f a c i l i t i e s  i n  non-
storm per iods,  and dual use opera t ions  (such as backup t reatment  and/or f l o w  
equal i t a t i o n  f o r  dry-weather p l  an ts ) .  

Experience has shown t h a t  f requent ,  p e r i o d i c  maintenance and equipment 
exe rc i s ing  i s  essen t ia l  t o  ma in ta in  an e f f e c t i v e  readiness-to-serve. For 
obvious reasons, i t  i s  recommended t h a t  t h i s  maintenance be c a r r i e d  o u t  on a 
prep1 anned r a t h e r  than as-ava i lab le  basis.  S t a f f i n g  requirements w i l l  be 
unique f o r  each f a c i l i t y  and opera t ion  and maintenance organ iza t ion .  
Quest ions t o  be addressed i n  the  opera t ions  p lan  i nc lude :  

0 W i l l  the f a c i l  i t y  a c t i v a t e  unattended? 

0 	 What opera t iona l  s t a f f i n g  i s  necessary t o  complete the pr imary 
func t i on?  

0 What s t a f f i n g  i s  necessary t o  complete the a u x i l  i a r y  func t ions? 

0 W i l l  t he  moni t o r i n g - r e p o r t i n g  system a c t i v a t e  unattended? 

0 	 What a c t i v i t i e s  r e q u i r e  immediate response (mu1t i s h i f t  a v a i l a b i l i t y )  
and what a c t i v i t i e s  can be de fe r red  and f o r  how l o n g  ( t o  conform t o  
standard sh i  f t )? 

0 	 What emergency cond i t i ons  cou ld  be encountered and how w i l l  they be 
addressed? 

0 	 What opera t iona l  dec is ions  must be made and who has the  
r e s p o n s i b i l  i t y / c o n t r o l ?  
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0 	 What opera t iona l  dec is ions  can be implemented remote from the s i t e  
and which, i f  any, r e q u i r e  d i r e c t  observa t ion? 

0 	 What are the standard opera t ing  procedures t o  ensure sa fe ty  o f  the 
publ i c ,  operators ,  and equipment? 

Recognizing t h a t  u n i t  a c t i v a t i o n s  (s torms)  can occur a t  any t ime and genera l l y  
w i t h  sho r t  warning, adequate p rov i s ions  must be made f o r  park ing,  assembly and 
b r i e f i n g ,  and operat ing s t a t i o n  access. Backup p lans  f o r  automated ac t i ons  
should be i d e n t i f i e d  i n c l u d i n g  con f i rma t ion  feedback and manual ove r r i de  i f  
necessary. 

Again , the opera t ion  and maintenance requirements and procedures should be 
developed from the opera t iona l  p lan  and n o t  from i n d u s t r y  wide standards s ince 
there  are none. 

COSTS 

Const ruc t ion  cos ts  o f  downstream storage/sedimentat ion bas ins have been 
 
repo r ted  [32, Table 731 f o r  se lected demonstrat ion f a c i l i t i e s  ( i n c l u d i n g  
 
pret reatment  and a u x i l i a r y  systems) and are  h i g h l y  s i t e  s p e c i f i c .  Adjusted t o  
  
ENR 4000, the  range o f  u n i t  cos ts  i s  f rom $0.50 t o  $10.00 /ga l  ($0.13 t o  
  
$2.64/L) o f  storage capac i t y  w i t h  a median va lue o f  about $2.50/ga1 
 
($0.66/L). As would be expected, f a c i l i t i e s  whose pr imary  f u n c t i o n  i s  storage 
 
f a l l  a t  a low end o f  the c o s t  range and those which are  i n  e f f e c t  pr imary 
  
t reatment  p l a n t s  rank a t  the  h igh  end o f  t he  range. 
 

Storage/sedimentat ion bas ins est imated by Benjes x c l  uding pret reatment  and 
a u x i l i a r y  systems (based on a 20 Mgal o r  76,000 rnL ranged from capac i t y )  
$0.03/gal ( $ O . O l / L )  f o r  open earthen basins,  t o  $0.42/gal ($O. l l /L  f o r  covered 
concrete bas ins [38]. The discrepancy between Benjes est imates which are 
based on u n i t  cos ts  and hypothe t ica l  bas in  designs and actual  cons t ruc t i on  b i d  
cos ts  demonstrate n o t  on l y  the impact o f  p re t rea tment  and a u x i l  i a r y  systems, 
b u t  the  o v e r r i d i n g  importance o f  s p e c i f i c  s i t e  cond i t i ons .  

Another p lanning 1eve1 c o s t  source i s  a 1978 USEPA publ  i ca t ion- -Const ruc t ion  
Costs f o r  Municipal  Wastewater Treatment P1ants:  1973-1977 [391 , which 
presents  a regress ion  ana lys i s  o f  c o n s t r u c t i o n  b i d  c o s t s  by  reg ion,  u n i t  
process, and cons t ruc t i on  component. Whi le the emphasis i s  on secondary 
t reatment,  there  i s  a good deal o f  p o t e n t i a l l y  a p p l i c a b l e  i n fo rma t ion  on 
p r e l  im inary  t reatment ,  i n f l  uent  pumping, pr imary sedimentat ion,  s i t e  work, and 
specia l  cond i t ions .  

CaPi t a l  Cost Breakdown - I 11u s t r a t i v e  ExamDles 

Three examples are presented i n  Table 24: F a c i l i t i e s  A and B represent  
covered basins where the pr imary f u n c t i o n  i s  s torage and F a c i l i t y  C represents  
a covered and bu r ied  f a c i l i t y  where the pr imary f u n c t i o n  i s  sedimentation. 
F a c i l i t y  C i s  a lso unique i n  t h a t  i t  cont inuous serv ice  as a dry-
weather t reatment p l a n t  (22  Mgal/d o r  average dry-weather capac i ty )  as 

7 - 2 5  




w e l l  as 450 Mgal/d (20 m3/s) peak wet-weather f l o w  capac i ty .  The u n i t  c o s t  
summaries a t  t he  bottom o f  the t a b l e  c l e a r l y  demonstrate the  f u n c t i o n / c o s t  
re1a t i o n s h i p  s t ressed i n  bas in  design: the storage u n i t s  a re  cos t -op t im ized 
on . the bas i s  o f  vo lumetr ic  capac i ty  and the t reatment  u n i t  i s  cos t -op t im ized 
on the b a s i s  o f  volume t rea ted  and discharged. The premium cos t  f o r  b u r i a l  o f  
F a c i l i t y  C, inc luded i n  the t a b l e  costs ,  to f a c i l i t a t e  dual use o f  the s i t e  
above the tanks i s  est imated as 18% above the c o s t  o f  a t o t a l l y  enclosed p l a n t  
w i t h  exposed superst ructures.  

Table 24. EXAMPLE CAPITAL COST BREAKDOWNS 

F a c i l i t y  A 1401 F a c i l i t y  B [41] F a c i l i t y  C [42]  

cost ,  x o f  cost, x o f  cost ,  x o f  
I t e n  S m i l l i o n  t o t a l  S m i l l i o n  t o t a l  $ m i l l i o n  t o t a l  

General, si tework, and 
ou ts ide  p i p i n g  3.24 91 2.1 13 27.1 29 
S t r u c t u r a l  and 
arch1 t e c t u r a l  -- -- 9.6 59 32.9 35 
Mechanical equiprent, 
p ip ing,  and plumbing 0.11a 3a 3.2 19 14.3 16 
Heating, v e n t i l a t i n g ,  
and odor con t ro l  0.08 2 0.5 3 a. 4 9 
Inst r m n t a t i o n  -- -- 0.4 2 2.5 3 
E l e c t r i c a l  - -4 __ -4 - -00.12 0.6 7.2 

To ta l  3.55 100 17.4 100 92.4 100 

Cost p e r  g a l l o n  o f  
s torage capaci tyb 0.91 0.76 6.16 
Cost pe r  g a l l o n  t rea ted  
m d  discharged': N A ~  0.27 0.006 

a. Equipslent c a r r i e d  under General. 

b. $ /ga l .  
c. Cap i ta l  cos t  d i v ided  by average annual volume discharged. 
d. NA = n o t  avai lab le.  

Example 3 i l l u s t r a t e s  the use o f  the USEPA reg ress ion  c o s t  curves as a 
crosscheck f o r  F a c i l i t y  C. 

Operat ion and Maintenance Costs 

As noted e a r l i e r ,  t he re  are no rule-of- thumb guides f o r  es t ima t ing  opera t ion  
and maintenance cos ts  sho r t  o f  developing an opera t i on  and maintenance c o s t  
program f o r  the s p e c i f i c  f a c i l i t y .  For  p lann ing  l e v e l  est imates,  f i r s t - c u t  
approximat ions may be developed from repor ted  cos ts  o f  opera t ing  f a c i l i t i e s  
[32 (Table 731, 81 or i n  the case where the pr imary f u n c t i o n  i s  t reatment,  
from standard s a n i t a r y  engineer ing references such as the 1971 USEPA pub1ished 
regress ion  curves developed by Black and Veatch [43] w i t h  adjustment to 
r e f 1e c t  i n t e n n i  t t e n t  operat ions.  
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EXAMPLE 3. COMPARE COST OF F A C I L I T Y  I N  TABLE 24 W I T H  EXPECTED COST OF 
"EQUIVALENT" PRIMARY TREATMENT PLANT USING REGRESSION CURVES FROM 
REFERENCE [381 
 

Spec i f ied  Conditions 
1. The design f low = 450 Mgal/d 
2. The process t r a i n  includes screening, g r i t  remaval, and pr imary sedimentation. 
3. No sludge treatment i s  included. 
4. An operat ions and maintenance b u i l d i n g  ( w i t h  labora tory )  i s  included. 
5 .  Surface loading r a t e  f o r  F a c i l i t y  C i s  2,700 g a l / f t z . d  a t  450 Ngal/d. 

Assumptions 

1. Design surface loading r a t e  f o r  conventional primary sedimentation i s  900 ga l / f t * . d .  
2. Primary p lan t  componerrtcosts w i thout  sludge w i l l  be 35% o f  secondary w i t h  sludge. 

So lu t i on  
1. Se lec t  appropr iate cos t  curves o r  regression equations from reference [38]. 

a. 	 Process - Second order cost  curves, page 6-54. 
(1 )  Pre l im inary  treatment C = 5.79 x IO4Q1.17 
(2 )  Primary sedimentation C = 6.94 x 104Q1.04 
(3 )  Laboratory/naintenance b u i l d i n g  c = 1.65 10591.02 

b.  	  Construct ion component - second order curves, Tables 6-42 through 6-50 i nc lus i ve .  

(1 )  Mob i l i za t i on  C = 4.77 x 104Q1.15 
(2) Sitework i nc lud ing  excavat ion C = 1.71 x 1O5Q1.17 
(3 )  P i l i n g s ,  special  foundation, dewatering C = 3.68 x lO4Q1.12 
(4 )  E l e c t r i c a l  c = 1.39 x 105~1.00 
( 5 )  Heating, ven t i l a t i ng .  and a i r  cond i t i on ing  C = 3.10 x 104Q1-24 
(6) Controls and ins t rumenta t ion  C = 5.06 x 1091.12 
(7 )  Yard p i p i n g  C = 9.96 x 104Q1-03 

2. Se lec t  "equivalent"  design f low f o r  convent ional  p lan t .  
a. 	 Equate on basis o f  surface load ing  rates.  

Q = (900/2,700) x 450 = 150 Mgal/d 
b. 	 This f a l l s  ou ts ide  range o f  sample data, use Q = 100 Mgal/d. which i s  upper l i m i t  o f  

sample data. 
3. Compute regional  and t ime adjustment fac to rs .  

Base costs are 2nd Quar te r  1977 = EPA LCAT Index 134 
Current cost  3rd Quar te r  1980 = EPA LCAT Index 181 

Regional m u l t i p l i e r  from Table 7-1, page 7-14, f o r  San Francisco i s  1.3175 
Combined m u l t i p l i e r  = (181/134) x 1.3175 = 1.78 

4. 	 Compute costs and compare. 
Cost, $ m i l l i o n  (ENR 4000) 

I tern F a c i l i t y  C est imate Computed survey cos t  
General, s i t e  work, and ou ts ide  p i p i n  
[Items b.(1),(2),(3), and (7 )  x 0.35 !for pr imary)]  27.1 40.2 
S t ruc tu ra l  and a rch i tec tu ra l  
[Items a(1),(2),  and 0.4 x ( 3 ) ]  32.9 50.3 
Mechanical equipment, p ip ing ,  and plumbing 
[ inc luded under s t r u c t u r a l  and a r c h i t e c t u r a l ]  14.3 --
Heating, ven t i l a t i ng ,  and odor con t ro l  
[ I tem b(5)J  8.4 5.9 
Instrunentat ion 
[ I tem b ( 6 ) I  2.5 5.4 
E l e c t r i c a l  
[Itern b( 4) ] 7.2 -8.5 

Tota l  92.4 110.3 

Comnent 

The USEPA guide provides an e f f e c t i v e  tool fo r  quick cost  breakdown comparisons, bu t  appl ca t i on  
becomes questionable f o r  p l a n t  capac i t ies  g rea ter  than 50 Mgal/d. 
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S e c t i o n  8 

INTERNATIONAL PERSPECTIVE 

INTRODUCTION 

The appl  i c a t i o n  of s to rage/sed imenta t ion  c o n t r o l  s t o  urban stormwater problems 
i s  n o t  un ique t o  t h e  U n i t e d  States.  I n  f a c t ,  i n  t h i s  e r a  o f  e x c e l l e n t  
cominunicat ions and i n c r e a s i n g  techno logy-shar ing  on an i n t e r n a t i o n a l  sca le ,  
b a s i c a l l y  s i m i l a r  approaches are  found i n  many areas o f  t h e  wor ld .  T h i s  i s  
p a r t i c u l a r l y  e v i d e n t  i n  the  h i g h l y  p r o d u c t i v e  and dense ly  developed n a t i o n s  
f o r  which r e c e i v i n g  water q u a l i t y  i s  o f  g r e a t  concern.  

S tahre ,  i n  h i s  comprehensive manual on s t o r a g e / s e d i m e t a t i o n  p r a c t i c e s  i n  
Europe, ranks  p r i n c i p a l  urban stormwater problems as: ( 1 )  f l o o d i n g ,  
( 2 )  d i s c h a r g e  o f  u n t r e a t e d  wastewater ( C S O ) ,  and ( 3 )  shock l o a d i n g s  o f  the  
w a s t e w a t e r  t rea tment  p l a n t s  [ l ] .  S i m i l a r l y ,  Kur ibayash i  and Nakamura i d e n t i f y  
combined sewer problems i n  Japan as t h r e e f o l d :  ( 1 )  f l o o d i n g ,  ( 2 )  p o l l u t i o n  as 
a r e s u l t  o f  excess over f low,  and ( 3 )  p o l l u t i o n  b y  p r i m a r y  e f f l u e n t  [2 ] .  The 
l a t t e r  i s  a r e s u l t  of  l i m i t a t i o n s  i n  secondary process t r e a t m e n t  c a p a c i t i e s  t o  
1.3 t o  1.5 t imes average dry-weather f l o w  and t h e  common p r a c t i c e  o f  r e t u r n i n g  
supernatan ts  from sludge process ing  f a c i l  i t i e s  t o  the  p r i m a r y  u n i t s .  Because 
o f  t h i s  supernatan t  r e t u r n ,  excess wet-weather f l o w s  d ischarged f rom secondary 
p l a n t s  a f t e r  o n l y  p r i m a r y  t r e a t m e n t  may be h e a v i l y  contaminated.  

Chambers and T o t t l e  have documented t h e  b e n e f i t s  o f  o n s i  t e  d e t e n t i o n  
f a c i l  i t i e s  as an a1 t e r n a t i v e  t o  convent iona l  s torm sewer systems i n  Winnipeg, 
Canada C33. The impoundments were found t o  be w e l l  s u i t e d  t o  t h e  l o w  r e l i e f  
topography, and t h e  impermeable n a t u r e  o f  t h e  s o i l  made a t t r a c t i v e  wet ponds 
f e a s i b l e  and r e c r e a t i o n a l l y  as w e l l  as t e c h n i c a l l y  e f f e c t i v e .  Source c o n t r o l s  
emphasiz ing i n f i l t r a t i o n  and p e r c o l  a t i o n ,  a1 though i n t r o d u c e d  o n l y  i n  the 
e a r l y  1970s, now number severa l  hundred i n s t a l l a t i o n s  i n  Sweden, accord ing  t o  
Stahre.  

I n  t h e  U n i t e d  Kingdom, t r a d i t i o n a l  des ign  o f  combined sewers has been t o  
p r o v i d e  sewer c a p a c i t y  e q u i v a l e n t  t o  s i x  t imes t h e  average dry-weather  f low. 
Excess f lows are  a l lowed t o  o v e r f l o w  d i r e c t l y  t o  the  r e c e i v i n g  water .  
Wastewater t r e a t m e n t  p l a n t s  a re  designed t o  p r o v i d e  b i o l o g i c a l  t r e a t m e n t  t o  
3.0 t i m e s  dry-weather  f low.  Flows i n  t h e  range o f  t h r e e  t o  s i x  t imes d r y -
weather f l o w  are  t r e a t e d  i n  s to rage/sed imenta t ion  tanks,  s i z e d  t o  p r o v i d e  a 
minimum o f  2 hours d e t e n t i o n  b e f o r e  o v e r f l o w i n g  t o  t h e  r e c e i v i n g  water .  T h i s  
system i s  p a r t i c u l a r l y  e f f e c t i v e  i n  the  U n i t e d  Kingdom because o f  t h e  
u n i f o r m i t y  and low i n t e n s i t y  o f  i t s  r a i n f a l l .  
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I n  West Germany, where many o f  the  c i t i e s  a re  a l s o  served by combined sewers, 
t h e  c l i m a t e ,  topography, and sewer catchment c o n f i g u r a t i o n  o f t e n  combine t o  
produce a pronounced f i r s t  f l u s h  e f f e c t ,  A s e r i e s  o f  d ispersed upstream 
s torage bas ins  w i t h  s imp le  d i v e r s i o n s  and f l o w r a t e  c o n t r o l s  was found t o  o f f e r  
a p romis ing  s o l u t i o n  f o r  water  qua1 i t y  p r o t e c t i o n .  D e t a i l e d  guide1 i n e s  have 
been prepared by t h e  s t a t e  agencies t o  cover  the  p l a n n i n g ,  ,design, and 
o p e r a t i o n  o f  these and a1 t e r n a t i v e  f a c i l  i t i e s  [4 ] .  Where accommodated by 
e x i s t i n g  hydraul  i c s  , many b a s i n s  have been designed t o  f a c i l  it a t e  s e l f  
c l  ean i  ng. 

I n  Japan, Kur ibayash i  and Nakamura conclude t h a t  o n s i t e  and o f f s i t e  s to rage o f  
stormwater (70% i f  the  sewered areas a r e  served b y  combined sewers) and t h e  
b l e e d i n g  o f  i t  back t o  t h e  t r e a t m e n t  works d u r i n g  l o w  dry-weather f l o w  p e r i o d s  
seems t o  be one o f  t h e  most f e a s i b l e  and e f f e c t i v e  s o l u t i o n s .  They note t h a t  
because t h e  s torage o f  stormwater can s o l v e  p o l l u t i o n  problems caused by CSO 
as w e l l  as f l o o d i n g ,  t h i s  measure i s  g r a d u a l l y  becoming accepted b y  many c i t y  
engineers.  

I n  each o f  t h e  above examples, hydro logy ,  topography, and e x i s t i n g  f a c i l i t i e s  
and p r a c t i c e s  have been i m p o r t a n t  f a c t o r s  i n  d e t e r m i n i n g  t h e  d i r e c t i o n  o f  
c o s t - e f f e c t i v e  approaches. 

T y p i c a l  o f  t h e  i n t e r n a t i o n a l  urban stormwater r u n o f f  and combined sewer 
o v e r f l o w  c o n t r o l  and t r e a t m e n t  techniques and p r a c t i c e s  are  t h e  f o l l o w i n g  
European examples o f  a s to rage/sed imenta t ion  p r a c t i c e s  manual , severa l  f l o w  
c o n t r o l  devices,  and two i n n o v a t i v e  technology appl i c a t i o n s  presented i n  t h i s  
sec t ion .  

STORAGE/SEDIMENTATION PRACTICES MANUAL 

D e s p i t e  t h e  f a c t  t h a t  d e t e n t i o n  bas ins  have been i n  use f o r  a l o n g  t ime i n  
many c o u n t r i e s ,  t h e  a u t h o r i t i e s  i n  Sweden began t o  accept  such f a c i l t i i e s  as 
an adequate a l t e r n a t i v e  t o  sewer s e p a r a t i o n  o n l y  i n  r e c e n t  years.  A r e v i e w  of  
t h e  s to rage/sed imenta t ion  p r a c t i c e s  i n  Sweden a long w i t h  a d e t a i l e d  a n a l y s i s  
o f  t h e  t e c h n i c a l  c o n f i g u r a t i o n  , design,  and l a y o u t  o f  v a r i o u s  s torage/  
sed imenta t ion  arrangements was prepared by D r .  P e t e r  S tahre  [l]. The book, 
d i r e c t e d  toward m u n i c i p a l  water  and sewer engineers and c o n s u l t i n g  engineers,  
i n c l u d e s  f o u r  p a r t s :  ( 1 )  s y s t e m i z a t i o n  o f  f a c i l i t i e s  w i t h  r e s p e c t  t o  
t e c h n i c a l  c o n f i g u r a t i o n  and placement w i t h i n  t h e  sewerage system, 
( 2 )  r e g u l a t i o n  o f  f l o w  f rom s torage/sed imenta t ion  f a c i l i t i e s ,  ( 3 )  des ign o f  
f a c i l i t i e s  w i t h  r e s p e c t  t o  t h e  p r i m a r y  f u n c t i o n  o f  t h e  f a c i l i t y ,  and 
( 4 )  p l a n n i n g  requi rements and c o s t - e f f e c t i v e n e s s  a n a l y s i s  f o r  s torage/  
sed imenta t ion  f a c i l i t i e s .  The book can a l s o  be of b e n e f i t  t o  researchers  and 
government workers who deal w i t h  stormwater and combined sewer o v e r f l o w  
problems. The c o n t e n t  o f  each p a r t  of t h e  book i s  s t u c t u r e d  so t h a t  i t  i s  
p o s s i b l e  t o  go d i r e c t l y  t o  t h e  s e c t i o n  o f  i n t e r e s t .  A lso i n c l u d e d  i n  the book 
are t h e  r e s u l t s  and e v a l u a t i o n s  o f  severa l  hydraul  i c  model i n g  t e s t s  on f l o w  
c o n t r o l  devices.  
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FLOW CONTROL D E V I C E S  

F o r  c e r t a i n  cases ,  the flow from storage/sedimentation f a c i l  i t i e s  can be 
cont ro l led  by means of s p e c i a l l y  designed flow regulators .  These provide more 
e f f e c t i v e  regulation of  the flow than can be accompl ished w i t h  a f ixed 
t h r o t t l e  section. Four d i f f e r e n t  regulation arrangements a re  described 
b r i e f l y :  

0 Flow regulator  
0 Hydrobrake 
0 W i  rbel drossel 
0 Flow valve 

A1 though the arrangements operate somewhat d i f f e r e n t l y ,  a common fea ture  i s  
t h a t  they are  completely sel f - regulat ing and require  no special e x t e r i o r  
control equipment 

F1 ow Requl a t o r  

T h e  Steinscruv flow regulator f o r  temporarily i m p o u n d i n g  flow i n  the  pipelines 
upstream o f  the regulator was developed by Stein in Sweden i n  the mid-1970s. 
T h e  f l o w  regulator cons is t s  of  a s t a t i o n a r y ,  anchored screw-shaped p l a t e  t h a t  
i s  turned through 270' i n s t a l l e d  i n  a pipe,  as shown in Figure 32. In t h a t  
par t  o f  the p l a t e  w h i c h  f i t s  against  the b o t t o m  o f  the p ipe l ine ,  there  i s  a n  
o p e n i n g  t o  release a ce r ta in  specif ied base flow. The o p e n i n g  i s  sized so 
t h a t  the  flow t h a t  passes through the regulator i s  s u f f i c i e n t  t o  m a i n t a i n  the 
se l f -c leaning  v e l o c i t y  f o r  t h e  pipel ine.  The length o f  the f l o w  regulator i s  
approximately t h r e e  times the diameter o f  the p ipe l ine .  

Figure 32. Flow regula tor  [51. 

Damming takes place when the inflow t o  the regulator  exceeds the capaci ty  of 
the base opening. The ex ten t  of the damning and the volume detained are 
dependent on the slope of the pipe.  When the flow d e p t h  reaches the crown of 
the pipe, the flow capacity becomes p r a c t i c a l l y  equal t o  the unregulated 
capaci ty  as  shown i n  Figure 33. I t  i s  possible t o  f u r t h e r  regulate  the flow 
by using several flow regula tors  in s e r i e s .  
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-- Discharge curve w i t h  flow reg. qhIl- Discharge curve vlthout flow regulator 

F i g u r e  33. Comparison of d i s c h a r g e  cu rves  f o r  u n r e s t r i c t e d  
p i p e  and p i p e  w i t h  f low r e g u l a t o r  [ S l .  

The f l o w  r e g u l a t o r  can be used i n  e i t h e r  separate s t o m  sewers o r  combined 
sewers t o  c o n t r o l  s torage.  However, t o  p r e v e n t  c l o g g i n g  o f  t h e  r e g u l a t o r  b y  
d e b r i s ,  a d iamete r  o f  30 i n .  (800 m) has been r e p o r t e d  as t h e  s u i t a b l e  
minimum dimension [11. 

Hyd r o b  rake 

The Hydrobrake, developed i n  Denmark i n  t h e  mid-1960s, i s  used t o  c o n t r o l  
o u t f l o w  from a s to rage  s t r u c t u r e .  

The Hydrobrake c o n s i s t s  o f  an e c c e n t r i c  v e r t i c a l  c y l  i n d r i c a l  housing w i t h  an 
i n l e t  opening l o c a t e d  on t h e  sur face o f  t h e  c y l i n d e r  and an a x i a l  o u t l e t  p i p e  
l o c a t e d  on one base o f  t h e  c y l i n d e r  ( see  F i g u r e  3 4 ) .  The Hydrobrake i s  
i n s t a l l e d  w i t h i n  t h e  s to rage  s t r u c t u r e  so t h a t  t he  a x i a l  o u t l e t  p i p e  
d i s c h a r g e s  i n t o  a downstream p i p e  o r  o t h e r  conveyance s t r u c t u r e .  Severa l  
d i f f e r e n t  c o n f i g u a t i o n s  a re  a v a i l  a b l e  depending on t h e  s p e c i f i c  appl  i c a t i o n  
r e q u i r e d .  

When t h e  w a t e r  l e v e l  r i s e s  i n  t h e  s to rage  s t r u c t u r e ,  h y d r o s t a t i c  p r e s s u r e  s e t s  
t h e  w a t e r  i n  m o t i o n  i n  t h e  Hydrobrake, a s  shown i n  F i g u r e  35. S i n c e  t h e  
o u t l e t  p i p e  opening i s  p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  o f  r o t a t i o n  o f  t h e  
w a t e r ,  t h e  f l o w  tends t o  assume a h e l i c a l  mot ion and t h e  d i s c h a r g e  i s  
s i g n i f i c a n t l y  l e s s  than i f  t h e  f l o w  had taken p l a c e  t h r o u g h  a f i x e d  t h r o t t l e d  
s e c t i o n .  A comparison of t h e  d i scha rge  f rom a Hydrobrake w i t h  a c i r c u l a r  p i p e  
o f  t h e  same s i z e  i s  shown i n  F i g u r e  3 6 .  

Hydrobrakes a re  i n  use p r e s e n t l y  i n  t h e  U n i t e d  S t a t e s ,  Canada, and Sweden. 
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OUTFLOW 
 

F i g u r e  34. Schematic of a Hydrobrake [ l ] .  

Fi.gure 35. Schematic o f  flow p a t t e r n s  d u r i n g  
Hydrobrake o p e r a t i o n  [61. 
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Filling 
 
height 
 

Hole 150 mm diameter 

Figure 36. Discharge curve comparison f o r  Hydrobrake
and short pipe of same diameter C71. 

Wirbeldrossel 

The Wirbeldrossel , or turbulent t h r o t t l e ,  developed i n  Germany i n  the m d­
1970s, i s  another means for regulating outflow from a storage f ac i l i t y .  In 
many respects,  i t  i s  similar to a horizontal Hydrobrake b u t  located 
immediately downstream o f  the storage f a c i l i t y  (see Figure 3 7 ) .  The 
Wirbeldrossel i s  made up of  a symmetrical cylinder h a v i n g  a tangential n l  e t  
and a c i rcu lar  ou t l e t  on the base of the cylinder. An aeration pipe is  
provided on the t o p  of the u n i t .  

A similar u n i t ,  the Wirbenventil or turbulence valve, was l a t e r  developed f o r  
applications where there i s  a continuous base flow t h r o u g h  the storage u n i t .  
The construction is  essent ia l ly  the same as for  the Wirbeldrossel b u t  consis ts  
of  an obliquely positioned rotational chamber t h a t  does not require as great a 
head1 oss. 

The Wirbeldrossel functions basically the same as a Hydrobrake i n  t h a t  rotary
motion imparted t o  the water l imi t s  the discharge rate.  The discharge i s  
fur ther  limited by the core of a i r  formed around the axis of rotation i n  the 
cylinder housing blocking a great p a r t  of the ou t l e t  opening. 
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PIPE PI 

Figure 37. Schematic of flow pattern
in a Wirbeldrossel [ l l .  

The discharge i s  dependent on the pressure head, s ize  of the i n l e t  pipe, and 
the out le t  opening. A comparison of  the discharge curves f o r  a Wirbeldrossel 
and a c i rcular  pipe both having the same ou t l e t  opening i s  shown in Figure 38. 

u - In le t  pipe 200 nrmIn le t  pipe 200 nrm diarreterdiareter 

Diaphragm opening 150Diaphragm opening 150 rn. diameterdiameterrn 


Horizontally arranged out l e t  
2 - hole 1 0 mm diameter 

1.3 -

1.0 -

0.5 
I

I 
1

1 
. 

/
/ 

0 ;/ , 1 I I I

0 4a m-.;
Figure 38. Discharge curves for Wirbeldrossel and 

c i rcu lar  ou t l e t  of the same s ize  [81. 

8 - 7  



F1ow Val ve 

The f l o w  v a l v e  was developed i n  the l a t e  1970s i n  Sweden as a d e v i c e  f o r  
h o l d i n g  t h e  o u t f l o w  from a d e t e n t i o n  f a c i l i t y  cons tan t .  The f l o w  v a l v e  i s  
e s s e n t i a l l y  a c e n t r a l  o u t l e t  p i p e  surrounded by a p ressure  chamber f i l l e d  w i t h  
a i r  as shown i n  F i g u r e  39. The t o p  p a r t  o f  the  pressure  chamber and i t s  
connect ion  t o  the  c e n t r a l  o u t l e t  p i p e  are  made of  f l e x i b l e  rubber  f a b r i c ;  the  
rubber  f a b r i c  i s  braced a t  t h e  i n l e t  and o u t l e t  o f  t h e  c e n t e r  p ipe .  

FLEXIBLE 

F i g u r e  39. Diagram o f  a f l o w  v a l v e  [ 9 ] .  

Water p ressure  on t h e  upper p o r t i o n  o f  t h e  rubber  f a b r i c  i s  propagated th rough 
the  pressure  chamber d i s p l a c i n g  the  f a b r i c  a t  t h e  o u t l e t  sec t ion .  Thus, t h e  
h y d r a u l i c  c a p a c i t y  o f  t h e  o u t l e t  i s  t h r o t t l e d  b y  t h e  change i n  o u t l e t  c ross-
s e c t i o n a l  area. The r e s u l t a n t  e f f e c t  i s  t h a t  t h e  d ischarge th rough t h e  f l o w  
v a l v e  remains c o n s t a n t  and independent o f  t h e  pressure  head as shown i n  
F i g u r e  40. 

F i l l i n g  height ern) 

arranged 

F i g u r e  40. Typ ica l  d ischarge c u r v e  f o r  f l o w  v a l v e  [l]. 
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INNOVATIVE TECHNOLOGY APPLICATIONS 

Flow Balance Svstem 

An i n n o v a t i v e  approach t o  urban stormwater t r e a t m e n t  f o r  the p r o t e c t i o n  of 
l a k e s  has been developed and a p p l i e d  a t  severa l  l o c a t i o n s  i n  Sweden b y  K a r l  
Dunkers. The patented system uses a p o r t i o n  o f  t h e  l a k e  volume t o  s t o r e  and 
s e t t l e  urban r u n o f f  b e f o r e  d ischarge.  A schematic o f  the  system i n  shown i n  
F i g u r e  41. 

A g r i d  o f  wooden p l a t f o r m s  f l o a t i n g  on the l a k e ' s  s u r f a c e  suppor t  f l e x i b l e  
PVC f i b e r  g l a s s  c l o t h  t h a t  extends t o  t h e  l a k e  bot tom and forms a s e r i e s  o f  
b a f f l e d  r e c t a n g u l a r  c e l l  s i s o l a t i n g  the  main body o f  t h e  l a k e  from t h e  urban 
stormwater r u n o f f .  To ensure p l u g  f l o w  th rough t h e  f a c i l i t y ,  t h e  openings i n  
t h e  b a f f l e s  a r e  p laced a l t e r n a t e l y  a t  the t o p  and bot tom i n  a d j a c e n t  c e l l s .  
Stormwater r u n o f f  e n t e r i n g  t h e  c e l l s  d i s p l a c e s  l a k e  water  f rom sequent ia l  
c e l l  s .  Stored r u n o f f  i s  wi thdrawn from the  i n l e t  c e l l  and t r e a t e d  p r i o r  to 
i t s  d ischarge to t h e  r e c e i v i n g  water .  Lake water  r e p l a c e s  t h e  wi thdrawn 
s t o r e d  r u n o f f  a t  the g r i d ' s  o u t l e t ,  so the stormwater i n  the  g r i d  f l o w s  back 
toward the  i n l e t  c e l l .  Th is  system i s  an e x c e l l e n t  example o f  low c o s t ,  b u t  
e f f e c t i v e ,  stormwater s to rage f o r  r e c e i v i n g  water  qua1it y  p r o t e c t i o n .  

An o p e r a t i n g  f a c i l i t y  i s  l o c a t e d  a t  Lake Trehormingen a t  Huddinge/Stockholm, 
Sweden. To p r e v e n t  e u t r o p h i c a t i o n  o f  t h e  1ake r e s u l  t i n g  from phosphorus 
l o a d i n g s ,  a t rea tment  p l a n t  removes phosphorus from t h e  s t o r e d  s t o m w a t e r .  

Sel f-C1 eaning Storage/Sedimentat ion Basin 

T y p i c a l l y ,  removal o f  s e t t l e d  sol  i d s  from an in1  i n e  s to rage f a c i l i t y  has been 
a problem t h a t  r e q u i r e d  an a u x i l i a r y  f l u s h i n g  system o f  some s o r t .  An example 
o f  an i n n o v a t i v e  approach t o  e l i m i n a t i n g  t h i s  problem i s  i n c l u d e d  i n  an i n l i n e  
s to rage/sed imenta t ion  tank i n  Zur ich ,  Swi tzer land.  A con t inuous  dry-weather 
channel , which i s  an ex tens ion  o f  t h e  t a n k ' s  combined sewer i n l e t ,  i s  formed 
b y  a number o f  p a r a l l e l  grooves connected a t  t h e i r  end p o i n t s  s i m i l a r  to t h a t  
shown i n  F i g u r e  42. 

The bot tom groove must be g i v e n  a c e r t a i n  s lope f o r  the water to f l o w  b y  
g r a v i t y  th rough t h e  bas in.  Thus, t h e  o u t l e t  can be s i g n i f i c a n t l y  l o w e r  than 
t h e  i n l e t  depending on the s i z e  o f  t h e  bas in.  T h i s  approach sh u l d  o n l y  be 
cons idered f o r  small bas ins,  l e s s  than about 132,000 gal  (500 m9 ) C11. Any 
s o l i d s  t h a t  have s e t t l e d  i n  the b a s i n  d u r i n g  i t s  s to rage o p e r a t i o n  a r e  
resuspended b y  t h e  channe l ized  f l o w  d u r i n g  t h e  drawdown f o l l o w i n g  a storm 
event  . 
F o r  small  storms, t h e  r u n o f f  i s  comple te ly  captured. I f  t h e  b a s i n  f i l l s ,  t h e  
o v e r f l o w  i s  d ischarged over a w e i r  a t  t h e  end o f  t h e  bas in .  
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Figure 41. Schematic o f  pontoon tank system 
a t  Lake Tehorningen, Sweden. 
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srr$merged screen 

S p i l l w a y  

F i gure 4 2 .  Sel f - C 1  e a n i  ng S t o r a g d S e d i m e n t a t i  on B a s i n 
used i n  Zurich, Swi tzer land  C203. 
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Appendix A 

POLLUTANT CHARACTERIZATION AND ESTIMATION OF REMOVAL 

INTRODUCTI 0  

C h a r a c t e r i z a t i o n  o f  t h e  p o l l u t a n t s  i n  t h e  f l o w  ( e i t h e r  stormwater r u n o f f  o r  
CSOs) i s  impor tan t  t o  t h e  e s t i m a t i o n  o f  t h e  p o l l u t a n t  removal by s to rage o r  
sed imenta t ion  o r  both. I n  t h i s  appendix, t h e  c h a r a c t e r i z a t i o n  o f  p o l l u t a n t s  
i s  d iscussed f rom t h e  s t a n d p o i n t  o f  sample c o l l e c t i o n  and sample a n a l y s i s .  
The approach and methodology t o  be used t o  c o l l e c t  r e p r e s e n t a t i v e  samples i s  
presented. Also presented a r e  d i s c u s s i o n s  o f  t h e  s e l e c t i o n  of p o l l u t a n t s  t o  
be analyzed, p a r t i c l e  s i z e  d e t e r m i n a t i o n ,  and t h e  p o l l u t a n t  d i s t r i b u t i o n  
versus p a r t i c l e  s i z e  and s p e c i f i c  g r a v i t y .  

A suggested a n a l y t i c a l  method f o r  f l o w  r o u t i n g  and f o r  p o l l u t a n t  r o u t i n g  i s  
descr ibed. P o l l u t a n t  removal can be s i m u l a t e d  by (1 ] c h a r a c t e r i z a t i o n  by 
magnitude, o r  (2 )  c h a r a c t e r i z a t i o n  by p a r t i c l e  s i z e  and s p e c i f i c  g r a v i t y  
d i s t r i b u t i o n .  Both o f  these methods a r e  presented a long w i t h  t h e  a p p r o p r i a t e  
equat ions  and f igures. 

POLLUTANT CHARACTERIZATION 

C h a r a c t e r i z a t i o n  s t u d i e s  f o r  s tormwater  r u n o f f  and CSO a r e  conducted t o  
determine ,(I1 t h e  p h y s i c a l ,  b i o l o g i c a l ,  and chemical  c h a r a c t e r i s t i c s ,  and t h e  
c o n c e n t r a t i o n  o f  c o n s t i t u t e n t s  i n  t h e  wastewater; and (2) t h e  bes t  means o f  
r e d u c i n g  t h e  p o l l u t a n t  concent ra t ions .  Procedures f o r  wastewater sampl ing and 
methods f o r  sample a n a l y s i s  a r e  d e s c r i b e d  i n  t h i s  sec t ion .  

Sample C o l l e c t i o n  

The sampl ing techniques used i n  wastewater c h a r a c t e r i z a t i o n  s t u d i e s  must 
assure t h a t  r e p r e s e n t a t i v e  samples a r e  ob ta ined because t h e  d a t a  from t h e  
a n a l y s i s  o f  t h e  samples w i l l  u l t i m a t e l y  serve as a b a s i s  f o r  d e s i g n i n g  
t r e a t m e n t  f a c i l i t i e s .  Sampling programs must be i n d i v i d u a l l y  t a i l o r e d  t o  f i t  
each s i t u a t i o n .  S u i t a b l e  sampl ing l o c a t i o n s  must be se lec ted ,  and t h e  
f requency and t y p e  o f  sample t o  be c o l l e c t e d  must be determined s i n c e  t h e  
compos i t ion  o f  most s tormwater  r u n o f f  and combined sewer o v e r f l o w s  v a r i e s  
c o n s i d e r a b l y  w i t h  t ime.  

Sampling Locat ions.  Sampling l o c a t i o n s  shou ld  be s e l e c t e d  where f l o w  
c o n d i t i o n s  encourage a homogeneous m i x t u r e .  I n  sewers and deep, narrow 
channels,  samples should be t a k e n  f rom a p o i n t  o n e - t h i r d  t h e  water  depth from 
t h e  bottom. The c o l l e c t i o n  p o i n t  i n  wide channels should be r o t a t e d  across 
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t h e  channel. A t  a l l  t imes:  t h e  f low v e l o c i t y  a t  t h e  sample p o i n t  should be 
s u f f ic i  e n t  t o  p revent  d e p o s i t i o n  of s o l  i d s  . When c o l  1e c t ing sampl es ; c a r e  
s h o u l d . b e  t a k e n  t o  a v o i d  c r e a t i n g  excess ive  t u r b u l e n c e  t h a t  may l i b e r a t e  
d i s s o l v e d  gases and y i e l d  an u n r e p r e s e n t a t i v e  sample. 

Sample I n t e r v a l s .  The amount of f l o w r a t e  v a r i a t i b n  d i c t a t e s  t h e  t i m e  i n t e r v a l  
f o r  sampl ing;  tKe i n t e r v a l  must be s h o r t  enough t o  p r o v i d e  a t r u e  
r e p r e s e n t a t i o n  o f  t h e  f low.  Even when f l o w r a t e s  vary  o n l y  s l i g h t l y ,  t h e  
c o n c e n t r a t i o n  of p o l l u t a n t s  may vary wide ly .  Frequent sampl ing ((10- o r  15­
minute  u n i f o r m  i n t e r v a l s )  a l l o w s  e s t i m a t i o n  o f  t h e  average c o n c e n t r a t i o n  
d u r i n g  t h e  sampl ing per iod .  

Sampl ing-Procedure.  To adequate ly  c h a r a c t e r i z e  t h e  p o l l u t a n t  c o n c e n t r a t i o n  
v a r i a t i o n  wi th  t ime,  d i s c r e t e  samples must be c o l l e c t e d .  These d i s c r e t e  
samples must be o f  s u f f i c i e n t  volume so t h a t  t h e  d e s i r e d  analyses can be 
performed. The samples can be ob ta ined by automat ic  samplers o r  by i n d i v i d u a l  
grab samples. The number and s i z e  of t h e  samples r e q u i r e d  a r e  determined by 
t h e  analyses t o  be performed. The p h y s i c a l ,  chemical ,  and b i o l o g i c a l  
i n t e g r i t y  o f  t h e  samples must be main ta ined d u r i n g  t h e  i n t e r i m  p e r i o d  between 
sample c o l l e c t i o n  and sample a n a l y s i s ;  p r o v i s i o n  must be made f o r  p r e s e r v i n g  
t h e  samples. P r e s e r v a t i o n  techn iques  and maximum hol  d i  ng p e r i o d s  f o r  some 
s e l e c t e d  parameters a r e  shown i n  Table A-1 111. 

Sample A n a l y s i  s 

E f f e c t i v e  d a t a  a n a l y s i s  should i n c l u d e ,  as a minimum, t h e  d e f i n i t i o n  of  
(1) f l o w  extremes \(e.g., t h e  r a t i o  o f  dry-weather f l o w  t o  maximum c o n d u i t  
capacity), ; (2)  f requenc ies  o f  occurrence o f  f l o w r a t e s  and parameter load ings ;  
( 3 ) t y p e s  and f requenc ies  o f  samples; (4 mean values and ranges of  
c h a r a c t e r i s t i c s ;  I5) r a t e s  o f  change p a t t e r n s  and pres torm impacts;  56) s i t e  
and t i m e  dependency [e.g., s i z e  o f  area, l a n d  use, t i m e  o f  day, and seasonal 
e f f e c t s  ); and ( 7 )  s p e c i a l  c o n d i t i o n s  o r  q u a l i f i c a t i o n s  (e.g., c o n s t r u c t i o n  
impacts,  p l a n t  bypasses, a t y p i  c a l  f 1ows o r  source area management, snowmel t 
versus r a i n f a l l - r u n o f f )  [3 1. 
C a r e f u l  thought  shou ld  be g iven t o  t h e  s e l e c t i o n  o f  t h e  p o l l u t a n t s  t o  be 
i n c l u d e d  i n  t h e  a n a l y s i s  o f  samples. The a n a l y s i s  should i n c l u d e  o n l y  t h o s e  
p o l l u t a n t s  t h a t  may be a f f e c t e d  by s t o r a g e  o r  sed imenta t ion  o r  both. 
Standard, easy t o  p e r f o r m  analyses o f  t h e  p h y s i c a l ,  b i o l o g i c a l  , and chemical  
c h a r a c t e r i s t i c s  should be inc luded.  A d d i t i o n a l ,  more d i f f i c u l t  t o  perform 
analyses shou ld  be done o n l y  i f  t h e y  a r e  o f  s p e c i f i c  i n t e r e s t .  

T y p i c a l l y ,  analyses f o r  BOD5, SS, d i s s o l v e d  oxygen, t o t a l  n i t r o g e n ,  t o t a l  
phosphorus, and t o t a l  c o l i f o r m s  a r e  i n c l u d e d  i n  stormwater r u n o f f  and CSO 
c h a r a c t e r i z a t i o n s .  Less f r e q u e n t l y  i n c o r p o r a t e d  analyses i n c l u d e  v a r i o u s  
heavy meta ls ,  VSS, COD, and grease. 

Where s to rage,  sed imenta t ion ,  o r  b o t h  a r e  t o  be used as a means o f  t r e a t m e n t  
o r  c o n t r o l ,  t h e  suspended s o l i d s  ( b o t h  t o t a l  and V S S )  become i m p o r t a n t  
parameters.  The e f f e c t i v e n e s s  o f  t h e  sed imenta t ion  process depends g r e a t l y  on 
t h e  s i z e  and s p e c i f i c  g r a v i t y  o f  t h e  p a r t i c l e s .  I n  a d d i t i o n ,  t h e  
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e f f e c t i v e n e s s  o f  t h e  p o l l u t a n t  removal by sed imenta t ion  i s  determined by t h e  
p o l l u t a n t  d i s t r i b u t i o n  a s s o c i a t e d  w i t h  t h e  p a r t i c l e  s i z e  and s p e c i f i c  g r a v i t y  
d i s t r i b u t i o n .  Thus, f o r  s t o r a g e  o r  sed imenta t ion  f a c i l i t i e s ,  t h e  suspended 
s o l i d s  and p a r t i c l e  s i z e  d i s t r i b u t i o n  analyses become very  i m p o r t a n t  t o  t h e  

,q u a l i t y  c h a r a c t e r i z a t i o n .  

Tab le  A-1. PRESERVATION OF WASTEWATER SAMPLES El1 
Maximum 

Parameter P rese rva t i ve  h o l d i n g  p e r i o d  

Aci  d i  ty- a1k a l  in i ty 
 R e f r i g e r a t i o n  a t  4OC 
 24 h 

BOD
 R e f r i g e r a t i o n  a t  40Ca 
 6 h  

Calcium 
  None r e q u i r e d  
 --
COD 
 2 mL/L H2S04 
 7 d  
Ch l  o r i  de 
 None r e q u i r e d  
 --
C o l o r  
  R e f r i g e r a t i o n  a t  4OC 
 24 h 
 
Cyanide 
  NaOH t o  pH 10 
 24 h 
 
Disso lved  oxygen 
 Determine ons i  teb 
 No hol  d i n g  
 

F1u o r i  de 
 None r e q u i r e d  
 --
Hardness 
 None r e q u i r e d  
 --
Meta ls ,  t o t a l  
  5 mL/L HN03 
 6 mo 
Metal s, d i  sso l  ved 
 F i l t r a t e :  3 mL/L 1:l 
  HN03 	 6 mo 
Ni t rogen,  amnonia 
 40 mg/L HgC12, 4OC 
 7 d  
Ni t rogen,  k j e l d a h l  
 40 mg/L HgC12, 4OC Unstable 
Ni t rogen,  n i t r a t e - n i t r i t e  40 mg/L HgC12, 4OC 7 d  
O i l  and grease 2 mL/L ~ 2 ~ 0 4 ,~ O C  24 h 
Organic carbon 2 mL/L H2SO4 (pH 2 )  7 d  

PH
 None a v a i l a b l e  --
Pheno l i cs  
  1.O g CuS04 t H3P04 t o  pH 4.0, 4OC	 24 h 
Phosphorus 
 40 mg/L HgC12, 4OC 7 d  
Sol i d s  
 None a v a i l a b l e  --
S p e c i f i c  conductance 
 None r e q u i r e d  --
S u l f a t e  
  R e f r i g e r a t i o n  a t  4OC 7 d  
Sul fide 2 mL/L Zn ace ta te  7 d  
Threshold odor R e f r i g e r a t i o n  a t  4OC 24 h 
T u r b i d i t y  None a v a i l a b l e  --

a. 	 Slow-f reez ing techniques ( t o  - 2 5 O C )  can be used f o r  p rese rv ing  samples 
t o  be analyzed f o r  o rgan ic  content .  

b. 	 For  some methods of determinat ion,  4 t o  8 h p rese rva t i on  can be 
accomplished w i t h  0.7 mL conc. H SO4 and 20 mg NaNO . Refer  t o  
Standard Methods [21  f o r  p r e s c r i i e d  a p p l i c a t i o n s .  ?Footnote n o t  
i n  o r i g i n a l  reference.) 

Note: 	 1.8(°C) t 32 = % 
mg/L = g/m 
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FLOW AND POLLUTANT ROUTING 

A d e s c r i p t i o n  o f  t h e  f l o w  and p o l l u t a n t  r o u t i n g  i n  t h e  Storage,’Treatment Block 
o f  SWMM Version 111 i s  presented i n  t h i s  sect ion.  The approaches descr ibed 
f o r  both f l o w  and p o l l u t a n t  r o u t i n g  can be used f o r  e i t h e r  a desktop ana lys i s  ,o r  a computer s imu la t i on  analys is .  Much o f  t he  remaining ma te r ia l  i n  t h i s  
appendix i s  adapted from Huber e t  a1 . [45. 

Uescr i  p t  ion 
 

Flow and p o l l u t a n t s  are rou ted  through one o r  more storage,’treatment u n i t s  by 
 
several  techniques. The f lows i n t o ,  through, and ou t  o f  a u n i t  are shown i n  
 
F igu re  A-1. The u n i t s  may be arranged i n  any fashion,  r e s t r i c t e d  on ly  by t h e  
 
requirements t h a t  i n f l o w  t o  t h e  p l a n t  en ters  a t  on ly  one u n i t  and t h a t  t h e  
 
products  ( t r e a t e d  ou t f low,  res idua ls ,  and bypass f l o w )  from each u n i t  not  be 
 
d i r e c t e d  t o  more than t h r e e  u n i t s .  Both wet- and dry-weather f a c i l i t i e s  may 
 
be s imulated by t h e  proper  s e l e c t i o n  o f  u n i t  arrangement and 
 
c h a r a c t e r i s t i c s .  Un i t s  may be modeled as hav ing a de ten t i on  c a p a b i l i t y  o r  
 
instantaneous th roughf  1ow. Pol 1u tan ts  o r  s l  udges may be represented as a 
 
s imple mass o r  f u r t h e r  charac ter ized  by a p a r t i c l e  s i z e  d i s t r i b u t i o n .  A u n i t  
  
may remove p o l l u t a n t s  (or concentrate sludges ) as a f u n c t i o n  of p a r t i c l e  s i z e  
 
and s p e c i f i c  g r a v i t y ,  de ten t i on  time, incoming concent ra t ion ,  t h e  removal r a t e  
  
o f  another p o l l u t a n t ,  o r  a constant  percentage. A l l  f l ows and p o l l u t a n t s  a re  
  
assumed t o  be averages over a t ime step. This  i nc ludes  t h e  i n p u t  data and 
 
i n t e r n a l  c a l c u l a t i o n s  [41. 
 
F1ow Rout ing 
 

A s torage o r  sedimentat ion u n i t  may be modeled t o  handle f l o w  i n  one o f  two 
 
ways: as a de ten t i on  u n i t  ;(reservoir) o r  a u n i t  ins tan taneous ly  passing a l l  
 
f low. I n  t h i s  repo r t ,  d iscuss ion  i s  l i m i t e d  o n l y  t o  t h e  de ten t i on  o r  
 
rese rvo i r appl ic a t ion. 
 
Flow r o u t i n g  f o r  a s imple r e s e r v o i r  requ i res  t h a t  t h r e e  r e l a t i o n s h i p s  f o r  t h e  
 
r e s e r v o i r  be known: (1 )  an i n f l o w  hydrograph, (2) a depth-storage 
 
r e l a t i o n s h i p ,  and (3) a depth-discharge r e l a t i o n s h i p .  Rout ing i s  t h e  s o l u t i o n  
 
o f  t h e  s to rage equat ion which i s  an express ion o f  c o n t i n u i t y  
 

-T - 0 = AV/A t  

where T = average r a t e  du r ing  A t ,  f t 3 / s
U = average o u t f l o w  r a t e  du r ing  A t ,  f t 3 / s  

AV = r e s e r v o i r  volume, f t3 
A t  = t ime  step, s 

Using subsc r ip t s  1 and 2 t o  represent t h e  beginning and end o f  the  per iod ,  
respective ly  , 
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BYPASS 
( Y  

/ 

Qres 

LEGEND 
Q t o t  - = T O T A L  INFLOW, f t b  
Qrnax t MAXIMUM ALLOWABLE INFLOW, 

f t31s- -

QbY 
= BYPASSED FLOW, ft3/s 

.Qin = DIRECT INFLOW TO UNIT, f?/s 

Qout = TREATED OUTFLOW, f t 3 / ~ .  
Q r e s  = RESIDUAL STREAM,  ft3/s 

F i g u r e  A-1. Flows i n t o ,  through,  and o u t  of a storage, ' t reatment u n i t  C4]. 
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Equat ion  A-2 may be t rans formed t o  

For  a g i v e n  t i m e  step, I, 12, 01, and V a r e  known and O and V must be 
determined. Grouping t h e  unknowns on t!ie l e f t  s i d e  o f  tie equaz i o n  and 
r e a r r a n g i n g  y i e l d s  one o f  t h e  two r e q u i r e d  equat ions :  

0 .5 (02)At  + V2 = 0 .5 ( I1  -I-12) t - (0 .5(01)At  - V 1 )  (A-4 1 
The second equat ion  i s  found by r e l a t i n g  O2 and V2, each o f  which i s  a 
f u n c t i o n  o f  t h e  r e s e r v o i r  depth. The procedure i s  i l l u s t r a t e d  i n  the  
f o l l  owing example. 

The da ta  i n  Table A-2 g i v e  O 2  and V 2  as f u n c t i o n s  o f  depth over  t h e  range o f  
depths f o r  which o u t f l o w  e x i s t s .  I n  t h i s  h y p o t h e t i c a l  case, o u t f l o w  occurs 
o n l y  i f  t h e  r e s e r v o i r  depth exceeds 8.0 f e e t .  The 11 data  t r i p l e t s  cover t h e  
range o f  i n t e r e s t .  From t h i s  i n f o r m a t i o n ,  t h e  cor respond ing  va lues o f  0.502At 
; o u t f l o w  volume) and 0.502At t V 2  (ou t f low and r e s e r v o i r  vo lume) can be 
c a l c u l a t e d .  The depth-d ischarge r e l a t i o n s h i p  can be a composi te made up of 
t h e  r e l a t i o n s h i p s  f o r  m u l t i p l e  o u t l e t s .  

Table A-2. R O U T I N G  DATA FOR HYPOTHETICAL RESERVOIR 

( 11 (2) (3) ( 4 )  ( 5 )  (61 ( 7 )  
Elevat ion Depth Volume Discharge 02DT2 SATERM 

n h Y v2 02 0.502At 0 . 5 0 g t  + V2 
f t  ft 1000 f t 3  f t 3 / s  1000 f t 3  1000 f t 3  

1 351.0 8 .O 1,720. 0 0 1,720. 
2 351.2 8.2 1,850. 10. 108. 1,958. 
3 351.4 8.4 2,000. 20. 116. 2,216. 
4 351.6 8.6 2,220. 35. 378. 2,598. 
5 351.8 8.8 2,400. 50. 540. 2,940. 
6 352.0 9.0 2,650. 65. 702. 3,352. 
7 352.2 9.2 2,900. 80. 804. 3,764. 
8 352.4 9.4 3,100. 105. 1,134. 4,234. 
9 352.6 9.6 3,400. 130. 1,404. 4,804. 

10 352.8 9.8 3,700. 165. 1,782. 5,482. 
11 353.0 10.0 3,900. 200. 2,160. 6,060. 

Column: 1 )  Counter 
2 )  Elevat ion from topographic map 
31 Depth = h - 343.0 
4) Volume measured o r  calculated volume 
5 )  Measured data o r  ca lcu la ted  from discharge formulas 
6 )  	  Calculated using O2 (column 51, A t  = 21,600 s 
71 Calculated using column 4 and column 6 
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The computat ions procedure i s  summarized as fo l l ows :  

1. 	 Know values o f  11, 12, Oh,  A t ,  and V 1  a re  s u b s t i t u t e d  i n t o  the  r i g h t  
s i d e  o f  Equat ion B-4. T e r e s u l t  i s  t he  f i r s t  va lue o f  0.502At + V2.  

2. 	 Knowing (0.502At t V2), the  va lue o f  0.50 A t  i s  ob ta ined by 
i n t e r p o l a t i o n  between adjacent  values o f  zhe o u t f l o w  volume (column 
6 )  and the  ou t f l ow  and r e s e r v o i r  volume (column 7 ) .  

3. 	 The values o f  V 2  and O2 are  determined and become the  values o f  V1 
and 01, respec t i ve l y ,  i n  the  nex t  t ime step. 

4. 	 Add 0.5(1 t I ) A t  t o  the  new value o f  0.501At - V1 t o  g e t  the  new 
va lue  o f  !).502%t t v2. 

5. Cont inue t h i s  process u n t i l  a l l  i n f l o w s  have been rou ted  [41. 

Th is  f l ow  r o u t i n g  procedure has been adapted f o r  computer s imu la t i on  i n  SWMM-
Vers ion I 1 1  b u t  i t  can be app l i ed  a l so  f o r  hand computat ion o r  g raph ica l  
methods. 

Pol 1u t a n t  Rout ing 

P o l l u t a n t s  a re  rou ted  through a de ten t i on  u n i t  by one o f  two modes: complete 
m i x i n g  o r  p l u g  f low.  

Complete Mix ing.  For complete mix ing,  t h e  concen t ra t i on  o f  the  p o l l u t a n t  i n  
the  u n i t  i s  assumed t o  be equal t o  the  e f f l u e n t  concent ra t ion .  The mass 
balance equat ion f o r  an assumed we l l  mixed, v a r i a b l e  volume r e s e r v o i r  i s :  

d(VC)/dt  = I ( t )  C1( t )  - O ( t )  C ( t )  - K C ( t )  V ( t )  (A -5 )  

where y = r e s e r v o i r  volume, f t3 
C = i n f l u e n t  p o l l u t a n t  concentrat ion,  mg/L 

C = e f f l u e n t  and r e  e r v o i r  p o l l u t a n t  concentrat ion,  mg/LI = i n f l o w  ra te ,  f t34 s  
0 = o u t f l o w  r a t e ,  f t  / s  
t = t ime, s 
K = decay c o e f f i c i e n t ,  s- 1 

Equat ion A-5 may be approximated by w r i t i n g  the  mass balance equat ion f o r  the 
p o l l u t a n t  over  the  i n t e r v a l ,  A t :  

Change i n  Mass e n t e r i n g  Mass l e a v i n g  Decay du r ing  
mass i n  b a s i n  = du r ing  A t  - du r ing  A t  - A t  
du r ing  M 

I + C I I  CIOl + c 0 CIVl t c v (A-6)
2 A tc1 11 2 2At - 2 'At - K

c2vz - ClVl = 2 

A-7 
 



where subsc r ip t s  1 and 2 r e f e r  t o  the beginning and end o f  t he  t ime step, 
respec t i ve l y .  

From the f l ow  r o u t i n g  procedure discussed e a r l i e r ,  11, 12: 01, 02, V A ,  ;nd V 2  
a re  known. The concen t ra t i on  i n  the  reservo ir a t  t e beginning o f  t e ime 
step, C1,  and the i n f l u e n t  concentrat ions,  C1 and CF are  a l s o  known as are  the  
decay ra te ,  K, and the  t ime step, A t .  Thus, t he  onPy unknown, the  end o f  t ime 
s tep  concent ra t ion ,  C2, can be found d i r e c t l y  by rear rang ing  Equat ion B-6 t o  
y i e l d  

c o  K C V  
clvl t - + A t - ' A t  

+ 

K A t  -+ UAt (A -7c2 = V2(1 + 7)2 
2 

Equat ion A-7 i s  t he  bas i s  f o r  the  complete m ix ing  model o f  p o l l u t a n t  r o u t i n g  
through a de ten t i on  u n i t .  Th i s  i s  app l i cab le  t o  small de ten t i on  u n i t s  w i t h  
t u r b u l e n t  f low. 

P l u g  Flow. The i n f l o w  du r ing  each t ime step, c a l l e d  a p lug,  i s  l a b e l e d  and 
queued through the  de ten t i on  u n i t .  There i s  assumed t o  be no t r a n s f e r  o f  
p o l l u t a n t s  between plugs. The ou t f l ow  f o r  any t ime step i s  comprised o f  t he  
o l d e s t  p lugs o r  f r a c t i o n s  the reo f  o r  bo th  present  i n  the  u n i t .  Th is  i s  
accompl i shed by s a t i s f y i n g  c o n t i n u i t y  f o r  the present  o u t f l o w  vo l  ume (see 
prev ious sec t i on  on F1ow Rout ing) :  

LP 

C V j * f j  = Vo (A-8)j=JP 

where 	V o  = volume l e a v i n g  u n i t  du r ing  t h  p resent  t ime step, ft3 
V j  = volume e n t e r i n g  u n i t  dur ing  jth t ime step ( p l u g  j), ft3 
f j  = 	 f r a c t i o n  o f  p lug  j t h a t  must be removed t o  s a t i s f y  c o n t i n u i t y  

w i t h  V , 0 5 f .  5 1 
JP = t ime seep numbdr o f  the  o l d e s t  p lug  i n  the  u n i t  
LP = t ime s tep  number o f  the youngest p lug  requ i red  t o  s a t i s f y  

c o n t i n u i t y  w i t h  V o  

The de ten t i on  t ime ( s )  f o r  each p lug  j i s  c a l c u l a t e d  as 

( t d ) j  = (KKDT - j ) A t  (W-9) 

where KKDT = p resent  t ime step number 

For  a p lug  j l e a v i n g  the  u n i t ,  t he  amount o f  p o l l u t a n t  l e a v i n g  i s  

(A-10) 

where ( P 0 ) j  = amount o f  p o l l u t a n t  l e a v i n g  u n i t  i n  p lug  j, 1b 
( P . ) .  = amount o f  p o l l u t a n t  en te r ing  u n i t  w t h  p lug  j, l b1 JR j  = remova f r a c t i o n  f o r  p lug  j 
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R aThe manner i n  which i s  c a l c u l a t e d  i s  decided by the  user; however, as w i t h  
R ethe  complete m ix ing  oat ion,  should be a f u n c t i o n  o f  ( t d ) ' .  The technique 

f o r  devel op ing removal equat idns is d i  scussed 1a te r .  The r h a i  n i  ng pol  1u t a n t s  
i n  each p lug  l e a v i n g  the u n i t  a re  t o t a l e d  t o  g i ve  the  t o t a l  amount d ischarged 
d u r i n g  the  present  t ime step. 

I n  e i t h e r  the  complete mix ing  o r  p lug  f l o w  mode, the  removed p o l l u t a n t s  a re  
accumulated i n  the  u n i t  and combined w i t h  the  water d ra ined o r  drawn from the  
u n i t  t o  form the  res idua ls  stream. The water draw-of f  r a t e  can be e i t h e r  a 
f r a c t i o n  o f  the  remaining s torage o r  a cons tan t  ra te .  

Sludge can be assumed t o  c o n s i s t  o f  the  removed suspended s o l i d s . a n d  water 
drawn from the  storage o r  sedimentat ion u n i t .  Sludge should be t r e a t e d  s imply  
as one o f  t he  f lows l e a v i n g  the  u n i t .  The r e s i d u a l s  stream from the  u n i t  can 
o n l y  be termed "s ludge" i f  suspended s o l i d s  are routed. 

POLLUTANT REMOVAL SIMULATION 

P o l l u t a n t s  may be charac ter ized  by t h e i r  magnitude ( i .e. ,  mass f l ow  and 
concent ra t ion)  o r  by p a r t i c l e  s i z e  and s p e c i f i c  g r a v i t y  d i s t r i b u t i o n s .  
Descr ib ing  p o l l u t a n t s  by t h e i r  p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  e s p e c i a l l y  
app rop r ia te  where small or 1arge p a r t i c l e s  dominate o r  where several  s torage 
o r  sedimentat ion u n i t s  a re  operated i n  ser ies .  For  example, i f  the  i n f l u e n t  
i s  p r i m a r i l y  sand and g r i t ,  then a sedimentat ion u n i t  would be very e f f e c t i v e ;  
i f  c l a y  and s i l  t predominate, sedimentat ion may be o f  1it t l e  use. A1 so, i f  
several  u n i t s  are operated i n  se r ies ,  the  f i r s t  u n i t s  w i l l  remove a c e r t a i n  
range o f  p a r t i c l e  s i zes  thus a f f e c t i n g  the  performance o f  downstream u n i t s .  
The p o l l u t a n t  removal mechanism p e c u l i a r  t o  each c h a r a c t e r i z a t i o n  i s  discussed 
be1ow. 

Charac te r i za t i on  by Maani tude 

I f  p o l l u t a n t s  a re  cha rac te r i zed  on ly  by t h e i r  magnitude, then removal o f  any 
p o l l u t a n t  may be s imulated as a f u n c t i o n  o f  de ten t i on  t ime ( i n  minutes, 
de ten t i on  u n i t s  on l y )  , incoming concent ra t ion ,  i n f l o w  ra te ,  the  removal 
f r a c t i o n  o f  another p o l l u t a n t ,  t he  incoming concen t ra t i on  o f  another 
p o l l u t a n t ,  o r  any combinat ion o f  the  above ''removal fac to rs . "  Two f u n c t i o n a l  
forms can be used t o  c o n s t r u c t  t he  des i red  removal equat ion:  

o r  
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where x1 = removal e q u a t i o n  v a r i a b l e s  
a. 	  = c o e f f i c i e n t sd = removal f r a c t i o n  o < R < 1.0 

The removal e q u a t i o n  v a r i a b l e s ,  x i ,  may be ass igned t o  be parameters such as 
d e t e n t i o n  t ime,  f l o w r a t e ,  i n f l o w  c o n c e n t r a t i o n  o f  t h e  parameter b e i n g  removed, 
i n f l o w  c o n c e n t r a t i o n  o f  another  parameter, e t c .  These a r e  parameters t h a t  a r e  
computed a t  each t i m e  step. ( I f  they  a r e  n o t  ass igned t o  be s p e c i f i c  
parameters, t h e  remain ing  xi a r e  s e t  equal t o  1.0 f o r  t h e  d u r a t i o n  o f  t h e  
s i m u l a t i o n . )  The c o f f i c i e n t s ,  as, a r e  d i r e c t l y  s p e c i f i e d  by t h e  user.  There 
i s  c o n s i d e r a b l e  f l e x i b i l i t y  c o n t a j n e d  i n  these two forms, and w i t h  a j u d i c i o u s  
s e l e c t i o n  o f  c o e f f i c i e n t s  and f a c t o r s ,  t h e  user  can probab ly  c r e a t e  t h e  
d e s i r e d  equat ion.  Example a p p l i c a t i o n s  o f  Equat ions A-11 and A-12 a r e  g i v e n  
be1ow t o  illu s t r a t e  t h e  procedure.  

One v e r s i o n  o f  t h e  Storage/Treatment B lock  o f  SWMM employed t h e  f o l l o w i n g  
removal e q u a t i o n  f o r  suspended s o l i d s  i n  a sed imenta t ion  tank  [51. 

where RSS 	 = suspended s o l i d s  removal f r a c t  
= maximum removal f r a c t i o n  
= d e t e n t i o n  t ime, m i n  
= f i r s t  o r d e r  decay c o e f f i c i e n t ,  

T h i s  same equat ion  c o u l d  be b u i l t  f rom Equ t i o n  A-11 by s e t t i n g  a9 = Rmax, a10 
-- -Rmax, a3 = -K, a13 = 1.0, and l e t t i n g  x3 = d e t e n t i o n  t ime,  t d .  

A l l  o t h e r  c o e f f i c i e n t s ,  a j ,  would equal zero.  

Another  example i s  taken f rom a s tudy  by Lager e t  a1 . C6l. Several  curves  f o r  
suspended s o l i d s  removal f rom m i c r o s t r a i n e r s  w i t h  a v a r i e t y  o f  a p e r t u r e  s i z e s  
were der ived.  F i t t i n g  a power f u n c t i o n  t o  t h e  curve  r e p r e s e n t i n g  a 35 m i c r o n  
m i c r o s t r a i n e r  y i e l d s  

RSS = 0.0963 (A-1 4 )  

where R = suspended s o l i d s  removal f r a c t i o n ,  and 0 g RSS 6 1 .O$3 = i n f l u e n t  suspended so l  i d s  c o n c e n t r a t i o n ,  mg/ 

Equat ion  A-12 can be used t o  d u p l i c a t e  t h i s  removal e q u a t i o n  by s e t t i n g  ag 
= 0.0963, a5 = 0.286, a10 = 1.0, and x5 = i n f l u e n t  suspended s o l i d s  
c o n c e n t r a t i o n ,  SS. A l l  o t h e r  a j  a r e  zero.  

C h a r a c t e r i z a t i o n  bv P a r t i c l e  S i z e  and S D e c i f i c  G r a v i t v  D i s t r i b u t i o n  

D i s t r i b u t i o n .  I f  p o l l u t a n t s  a r e  c h a r a c t e r i z e d  by t h e i r  p a r t i c l e  s i z e  and 
s p e c i f i c  g r a v i t y  d i s t r i b u t i o n ,  then t h e y  a r e  removed f rom t h e  waste stream by 
p a r t i c l e  s e t t l i n g  o r  o b s t r u c t i o n .  Many s to rage o r  t r e a t m e n t  processes use 
these p h y s i c a l  methods t o  t r e a t  wastewater; sed imenta t ion  and screen ing  a r e  
among t h e  most obv ious examples. 
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I n  t h i s  mode, p o l l u t a n t s  a r e  appor t ioned over  severa l  p a r t i c l e  s i z e / s p e c i f i c  
g r a v i t y  ranges (e.g., 10% o f  t h e  BOD i s  found i n  t h e  range f rom 10 t o  50 
m i c r o n s ) .  Each o f  t h e  s e l e c t e d  ranges i s  ass igned an upper and l o w e r  bound on 
t h e  p a r t i c l e  d iameter  and a va lue  f o r  s p e c i f i c  g r a v i t y .  The appor t ionment  o f  
p o l l u t a n t s  over  t h e  v a r i o u s  ranges as they  e n t e r  t h e  s to rage o r  sed imenta t ion  
u n i t  must be s p e c i f i e d .  T h i s  d i s t r i b u t i o n  i s  m o d i f i e d  as i t  passes th rough 
t h e  u n i t .  The a n a l y s i s  i s  s i m p l i f i e d  i f  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  
e n t e r i n g  t h e  u n i t  i s  assumed t o  remain c o n s t a n t  over  t ime. Whi le  t h e  p r e v i o u s  
assumption i s  n o t  u s u a l l y  t r u e  f o r  a c t u a l  f lows,  t h e  use o f  f l o w  weighted 
composi te samples i n  t h e  d e t e r m i n a t 5 5 i - X  t h e  p a r t i c l e  s i z e  and s p e c i f i c  
g r a v i t y  d i s t r i b u t i o n s  p r o v i d e s  a reasonable approx imat ion  o f  a c o n s t a n t  
d i s t r i b u t i o n .  

The s to rage o r  sed imenta t ion  u n i t  removes a l l  o r  some p o r t i o n  o f  each range; 
t h e  a s s o c i a t e d  removal o f  p o l l u t a n t s  i s  e a s i l y  determined. F o r  example, i f  a 
sed imenta t ion  u n i t  removes 50% o f  t h e  p a r t i c l e s  i n  t h e  50 t o  100 m i c r o n  range 
and 10% o f  t h e  p o l l u t a n t  i n  q u e s t i o n  i s  found i n  t h i s  range, then 5% o f  t h e  
t o t a l  p o l l u t a n t  l o a d  i s  removed. The t o t a l  removal i s  determined by summing 
t h e  e f f e c t s  o f  severa l  ranges pass ing  th rough t h e  u n i t .  Once c e r t a i n  
p a r t i c l e s  a r e  removed, t h e  d i s t r i b u t i o n  o f  p a r t i c l e  s i z e s  f o r  t h e  o u t f l o w  can 
be determined. The removed p a r t i c l e s  c o n s t i t u t e  t h e  s i z e  d i s t r i b u t i o n  f o r  t h e  
r e s i d u a l s  stream. The n e x t  severa l  paragraphs d e s c r i b e  t h e  two mechanisms 
a v a i l a b l e  t o  t h e  user  f o r  p o l l u t a n t  removal when p o l l u t a n t s  a r e  c h a r a c t e r i z e d  
by p a r t i c l e  s ize .  

P a r t i c l e  S e t t l i n g .  There a r e  severa l  forms o f  s e t t l i n g :  unhindered s e t t l i n g  
by d i s c r e t e  p a r t i c l e s ,  s e t t l i n g  by f l o c c u l a t i n g  p a r t i c l e s ,  h i n d e r e d  s e t t l i n g  
by c l o s e l y  spaced p a r t i c l e s ,  and compression s e t t l i n g  w i t h i n  t h e  s ludge mass 
[71. F o r  s i m p l i c i t y ,  t h e  unhindered s e t t l i n g  o f  d i s c r e t e  p a r t i c l e s  w i l l  be 
t h e  removal mechani sm presented here.  

The s e t t l  ing o f  d i  s c r e t e ,  n o n f l  occul  a t i  ng p a r t i c l e s  can be analyzed by means 
o f  t h e  c l a s s i c  laws o f  sed imenta t ion  formed by Newton and Stokes. Netwon's 
law y i e l d s  t h e  t e r m i n a l  p a r t i c l e s  v e l o c i t y  by e q u a t i n g  t h e  g r a v i t a t i o n a l  f o r c e  
of t h e  p a r t i c l e  t o  t h e  f r i c t i o n a l  r e s i s t a n c e  o r  drag. Equat ing  t h e  
g r a v i t a t i o n a l  f o r c e  t o  t h e  f r i c t i o n a l  drag f o r c e  f o r  s p h e r i c a l  p a r t i c l e s  
y i e l d s  [81: 

where v s  = t e r m i n a l  v e l o c i t y  o f  p a r t i c l e s ,  f t / s  
g = g r a v i t a t i o n a l  cons tan t ,  32 f t / s 2

CD = drag c o e f f i c i e n t  
S = s p e c i f i c  g r a v i t y  o f  p a r t i c l e  
1= d iameter  o f  p a r t i c l e ,  f t  

Addi t i o n a l  l y , 

CD = 24/NR, i f  NR < 0.5 



CD = 2 4 / N ~+ 3 / @ +  0.34, if0.5 5 NR < l o 4  (A-17) 

CD 0.4, i f  NR 2 l o 4  (A-18) 

where NR = Reynol ds number , dimension1 ess, 

NR = vS d/V (A,-l9) 

and 9 = k inemat ic  v i s c o s i t y ,  f t2 / s  

A procedure f o r  f i n d i n g  v under any o f  the above c o n d i t i o n s  has been 
demonstrated by Sonnen [9?. The average o f  t h e  h i g h  and low ends o f  each 
p a r t i c l e  s i z e  range should be used as the  rep resen ta t i ve  p a r t i c l e  s i z e  i n  the  
above c a l c u l a t i o n s .  

A range o f  cond i t i ons  may e x i s t  i n  an ac tua l  de ten t i on  u n i t ,  from very 
quiescent,  t o  h i g h l y  t u r b u l e n t  and nonquiescent. Camp's [ l o ]  i d e a l  removal 
e f f i c i e n c y ,  EQ, can be used f o r  qu iescent  cond i t i ons ,  and an adapta t ion  o f  h i s  
sedimentat ion t r a p  e f f i c i e n c y  curves [ l o ,  11, 121 as descr ibed by Chen C131 
can be used t o  make the  extens ion t o  nonquiescent cond i t i ons ,  as descr ibed 
be1ow. 

For  qu iescent  cond i t i ons ,  

EQ = min 
1 

(A-20) 

where 	 EQ = p a r t i c l e  removal e f f i c i e n c y  as a f r a c t i o n  0 -< EQ -< 1 
v s  = te rmina l  v e l o c i t y  o f  p a r t i c l e ,  f t / s  
vu = over f low v e l o c i t y ,  f t / s  

Addi tional l y , 

(A-21 

where Q = f lowra te ,  f t3/ s  
A = sur face area o f  de ten t i on  u n i t ,  f t2 
y = depth o f  water i n  u n i t ,  f t  
td= de ten t i on  t ime, s 

Equat ion A-21 assumes a rec tangu la r  de ten t i on  u n i t  w i t h  v e r t i c a l  s ides.  
However, a c i r c u l a r  u n i t  ( w i t h  v e r t i c a l  s ides)  may a l s o  be modeled when 
c h a r a c t e r i z i n g  p o l l u t a n t s  by p a r t i c l e  s ize.  I n  o the r  words, Equat ion A-21 i s  
r e s t r i c t e d  t o  u n i t s  t h a t  a l l ow  the  sur face area t o  remain cons tan t  a t  any 
depth. Apply ing t h i s  equat ion (and, thus, the  e n t i r e  p a r t i c l e  s i z e  
methodology) t o  o the r  u n i t  types should on l y  be done when the  sur face  area i s  
independent o f  depth. 
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E q u a t i o n  A-20 r e p r e s e n t s  an i d e a l  qu iescent  b a s i n  i n  which a l l  p a r t i c l e s  w i t h  
s e t t l i n g  v e l o c i t i e s  g r e a t e r  than v w i l l  be removed. D e v i a t i o n s  f rom 
q u i e s c e n t  c o n d i t i o n s  can be h a n d l e i  exp l  i c i t l y  based on Camp's [ l o ]
sed imenta t ion  t r a p  e f f i c i e n c y  curves,  which were developed as a complex 
f u n c t i o n  o f  p a r t i c l e  s e t t l i n g  v e l o c i t y ,  and severa l  b a s i n  parameters, i.e., 

where E = p a r t i c l e  removal e f f i c i e n c y ,  0 5 E 5 1 
E = v e r t i c a l  t u r b u l e n t  d i f f u s i v i t y  o r  m i x i n g  c o e f f i c i e n t ,  f t 2 / s  

= f l o w t h r o u g h  v e l o c i t y  o f  d e t e n t i o n  u n i t ,  f t / s  
2' = t r a v e l  l e n g t h  o f  d e t e n t i o n  u n i t ,  f t  

Other  terms a r e  d e f i n e d  p r e v i o u s l y .  

Camp [ lo ]  s o l v e s  f o r  t h e  f u n c t i o n a l  form o f  Equat ion  A-22 assuming a u n i f o r m  
h o r i z o n t a l  v e l o c i t y  d i s t r i b u t i o n  and c o n s t a n t  d i f f u s i v i t y ,  E .  A form o f  t h e  
a d v e c t i v e - d i f f u s i o n  equat ion  then r e s u l t s  i n  which l o c a l  changes i n  
c o n c e n t r a t i o n  a t  any v e r t i c a l  e l e v a t i o n  a r e  equal t o  t h e  n e t  e f f e c t  o f  
s e t t l i n g  f rom above and d i f f u s i o n  from below. The d i f f u s i v i t y  w i l l  be 
c o n s t a n t  i f  t h e  h o r i z o n t a l  v e l o c i t y  i s  assumed t o  have a p a r a b o l i c  
d i s t r i b u t i o n ,  ( a l t h o u g h  t h i s  assumption i s  c l e a r l y  a t  v a r i a n c e  w i t h  t h e  
u n i f o r m  v e l o c i t y  d i s t r i b u t i o n  assumption above). F o r  t h e  p a r a b o l i c  
d i s t r i b u t i o n ,  & i s  then found f rom 

E = 0.075 y m (A-23) 

where 	 T~ = boundary shear s t r e s s ,  l b / f t 2  
p = d e n s i t y  o f  water  = 1.94 s l u g / f t 3  ( 1  ,OO g/cm3) 

The te rm J* i s  known as t h e  shear v e l o c i t y ,  u*, and can be e v a l u a t e d  u s i n g  
Manning's e q u a t i o n  f o r  open channel f l o w  c121. 

(A-24) 

where n = Manning's roughness c o e f f i c i e n t .  

The f l o w t h r o u g h  ( h o r i z o n t a l )  v e l o c i t y ,  vt, i s  a l s o  g i v e n  by 

V t  = k / t d  (A-25) 

where R = t r a v e l  l e n g t h  o f  d e t e n t i o n  u n i t ,  f t  
t d  = d e t e n t i o n  t ime, s 

Equat ions  A-23 and A-24 a r e  then used t o  c o n v e r t  vSy/2c t o  a more usab le  form, 

(A-26 ) 
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where a= 	tu rbu lence f a c t o r ,  d imensionless when a l l  parameters a re  i n  
u n i t s  o f  f e e t  and seconds 

Camp’s sedimentat ion t r a p  e f f i c i e n c y  curves are  the  so l  u t i o n  t o  the  advect ive­
d i f f u s i o n  equat ion mentioned p rev ious l y  and are  shown i n  F igu re  A-2 as a 
f u n c t i o n  o f  a. Based on e a r l y  work o f  Hazen C141 and the  Bureau o f  
Reclamation as descr ibed by Chen [131, i t  i s  assumed t h a t  an upper l i m i t  on 
t u r b u l e n t  c o n d i t i o n s  i s  g iven by a =  0.01. Removal e f f i c i e n c y  under these 
c o n d i t i o n s  i s  accu ra te l y  represented by the  f u n c t i o n  f i t t e d  t o  the  o r d i n a t e  o f  
F i g u r e  A-2. 

<where Et  = p a r t i c l e  removal e f f i c i ency  under t u r b u l e n t  cond i t i ons ,  0 2 Et = 1 
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F i g u r e  A -2. Camp’s sediment t r a p  e f f i c i e n c y  curves [12, 131 
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Quiescent  c o n d i t i o n s  are  assumed t o  e x i s t  f o r  a= 1.0 f o r  which removal i s  
g iven by Equat ion A-20. Equat ions A-20 and A-27 are  shown i n  F igu re  A3. The 
parameter a may now be used as a we igh t ing  f a c t o r  t o  o b t a i n  the o v e r a l l  
removal e f f i c i e n c y ,  E, 

, 
E = E t  + [ ( l n  c1 - I n  O.Ol ) / ( ln  1 - I n  O . O ~ ) ] ( E Q  - ET) 

(A-29 1 
= EQ + [ ( I n  &)/4.605](E~ - Et) 

Thus a l i n e a r  approximat ion ( w i t h  respec t  t o  I n  a) can be made o f  the  curves 
shown i n  F igu re  A-2. With in  r aso ab le  accuracy, t he  va lues o f  the  tu rbu lence 
f a c t o r  can be l i m i t e d  t o  0.01 a 2 1.0. 

-	 IDEAL QUIESCENT 
I - CONDITIONS 
I 

-
I 
 -

-
CONDIT ION (q 0.01) ­2 0  E +  0 I - OXP(-V,/V, )I-

z 

n I I I I 1 1 1
w 10 . I  .2 .3 .4 .6 .8 1.0 2 .o 4.0 
v) 

F i g u r e - A-3. L i m i t i n g  cases i n  sediment t r a p  e f f i c i e n c y .  

To summarize, the  p a r t i c l e  s e t t l i n g  computations should proceed as fo l lows:  

1. For  each s i z e  and s p e c i f i c  g r a v i t y  range, a s e t t l i n g  v e l o c i t y  i s  
computed us ing  Equat ions A-15 t o  A-19. Then f o r  each range, a l l  
steps be1ow are performed. 

2.  The tu rbu lence f a c t o r ,  a , i s  computed from Equat ion A-26. 

3 .  EQ i s  computed us ing  Equat ion A-20. 

4 .  Et  i s  computed us ing  Equat ion A:-27 o r  A-28. 

5. F i n a l l y ,  the  removal e f f i c i e n c y  f o r  t he  p a r t i c u l a r  p a r t i c l e  s i z e  and 
s p e c i f i c  g r a v i t y  range i s  computed from Equat ion A-29. 
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I n  a normal s i m u l a t i o n ,  severa l  p lugs  l e a v e  the d e t e n t i o n  u n i t  i n  any g i v e n  
t ime step. The e f f l u e n t  i s  a l l  o r  p a r t  o f  a number o f  p l u g s  depending on t h e  
r e q u i r e d  o u t f l o w  as determined by the  s torage r o u t i n g  techniques d iscussed 
e a r l i e r .  Thus, t h e  e f f l u e n t  p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  a composi te o f  
severa l  p lugs.  Th is  composi te d i s t r i b u t i o n  . i s  determined by t a k i n g  a we igh ted  
average (by p o l l u t a n t  we igh t  i n  each p l u g )  over t h e  e f f l u e n t  p lugs.  T h i s  
d i s t r i b u t i o n  i s  then r o u t e d  downstream f o r  r e l e a s e  o r  f u r t h e r  t rea tment .  The 
p a r t i c l e s  t h a t  were removed from each p l u g  are a l s o  composi ted and are  used t o  
c h a r a c t e r i z e  the  r e s i d u a l  s stream. 

Comment on C h a r a c t e r i z a t i o n  by P a r t i c l e  S ize  D i s t r i b u t i o n .  P o l l u t a n t s  
c h a r a c t e r i z e d  by a p a r t i c l e  s i z e  d i s t r i b u t i o n  a r e  most e a s i l y  s imu la ted  b y  t h e  
two removal mechanisms d iscussed above. The types  o f  u n i t s  t h a t  c o u l d  be 
cons idered i n  t h i s  case would i n c l u d e  sed imenta t ion  tanks and r e g u l a r  s t o r a g e  
bas ins .  However, these u n i t s  p robab ly  r e p r e s e n t  t h e  processes most f r e q u e n t l y  
a p p l i e d  t o  the  problem o f  combined sewer o v e r f l o w  and stormwater r u n o f f .  
Thus, 1i m i t s  o f  t h e  appl i c a b i l  i t y  o f  t h i s  mode a r e  probab ly  n o t  t o o  severe.  
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APPENDIX  B 

ASSESSMENT METHODS 

The r e l a t i o n s h i p  between r a i n f a l l  and r u n o f f  i s  a complex and v a r i a b l e  
phenomenon, s e n s i t i v e  t o  many f a c t o r s .  For most stormwater analyses, t h e  
p l a n n e r  must model t h e  p h y s i c a l  system, u s u a l l y  w i t h  some t y p e  o f  
mathemat ica l  model, t o  p r e d i c t  response t o  v a r y i n g  watershed c o n d i t i o n s .  A 
number o f  mathematical  stormwater s i m u l a t i o n  models a r e  a v a i l a b l e .  They 
range i n  complex i ty  f rom t h e  v e r y  s imple,  i n v o l v i n g  desktop c a l c u l a t i o n  
techn iques ,  t o  t h e  h i g h l y  s o p h i s t i c a t e d ,  i n v o l v i n g  computer s i m u l a t o r s .  

MODEL CATEGORIES 

Assessment models may g e n e r a l l y  be d i v i d e d  i n t o  t h r e e  a p p l i c a t i o n  c a t e g o r i e s :  

1. P r e l i m i n a r y  assessment models p r o v i d e  i n d i c a t i o n s  o f  t h e  ex is tence,  
source, and n a t u r e  o f  a stormwater p o l l u t a n t  problem. Desktop 
computat ional  procedures t h a t  make use o f  s imp le  equat ions  and 
nomographs a r e  u s u a l l y  adequate. The da ta  requi rements f o r  these 
models a r e  min imal ,  c o n s i s t i n g  o f  mean annual p r e c i p i t a t i o n ,  
watershed area, l a n d  use, p o p u l a t i o n  d e n s i t y ,  and sewer types.  The 
r e s u l t s  o f  p r e l i m i n a r y  assessment models a r e  used t o  d i r e c t  
subsequent s tudy  e f f o r t s ,  t o  screen a l t e r n a t i v e s ,  t o  assess f low 
and q u a l i t y  da ta  needs, and t o  a i d  i n  t h e  s e l e c t i o n  o f  more 
s o p h i s t i c a t e d  models, i f  necessary. 

2. 
 Continuous s i m u l a t i o n  models may h e l p  d e s c r i b e  t h e  v a r i a t i o n  o f  
p o l l u t a n t  l o a d i n g s  f r o m  storm event  t o  s torm event. V a r i a t i o n s  
w i t h i n  a s i n g l e  event  a r e  n o t  descr ibed.  Computer o r  combinat ion 
desktop-computer methods g e n e r a l l y  a r e  needed. T y p i c a l l y ,  t h e  da ta  
requi rements a r e  long- te rm h o u r l y  r a i n f a l l  records,  o v e r f l o w  
s t r u c t u r e  c h a r a c t e r i s t i c s ,  t rea tment  r a t e s  and s t o r a g e  volumes, 
a c t u a l  o v e r f l o w  q u a n t i t y  and q u a l i t y  data,  and v a r y i n g  d e t a i l s  o f  
d ra inage area c h a r a c t e r i s t i c s ,  s t reamf low data, e t c .  Continuous 
s i m u l a t i o n  models a r e  used t o  assess t h e  magnitude o f  water  q u a l i t y  
problems and t o  e v a l u a t e  a l t e r n a t i v e  s o l u t i o n s .  

3. 
 S i n g l e  event  s i m u l a t i o n  models a r e  s o p h i s t i c a t e d  computer models 
t h a t  can be used t o  d e s c r i b e  temporal  and s p a t i a l  v a r i a t i o n s  i n  
runof f  q u a n t i t y  and q u a l i t y  w i t h i n  a s i n g l e  s torm event .  They 
r e q u i r e  e x t e n s i v e  and d e t a i l e d  da ta  s p e c i f i c  t o  t h e  watershed, 
in c l  ud ing  r a i  n f a l l  records  and r u n o f f  hydrographs , catchment and 
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t r a n s p o r t  system d e t a i l s ,  system maintenance i n f o r m a t i o n ,  and d r y -
weather and combined f l o w  c h a r a c t e r i s t i c s .  Resu l ts  ob ta ined w i t h  
t h e s e  models a r e  used i n  d e t a i l e d  p l a n n i n g  and i n  t h e  des ign o f  
f a c i  1it ies. 

Opera t iona l  models, a f o u r t h  major  stormwater management model category,  a r e  
n o t  assessment models, b u t  p r o v i d e  r e a l - t i m e  c o n t r o l  o f  sewerage systems 
based on te lemetered  r a i n f a l l  and sewer system data.  

The c a t e g o r i e s  o f  assessment models a r e  i l l u s t r a t e d  i n  F igure  6-1. The 
c a t e g o r i e s  t e n d  t o  b lend i n t o  one another  on an ascending s c a l e  o f  c o m p l e x i t y  
and d e t a i l .  More than 30 models a r e  a v a i l a b l e .  A number o f  t h e  more 
commonly used assessment models, l i s t e d  by c a t e g o r y  i n  o r d e r  o f  i n c r e a s i n g  
c o m p l e x i t y  a r e  presented i n  Table B-1. The b a s i c  c a p a b i l i t i e s  o f  each model 
a r e  a l s o  shown. More d e t a i l e d  and up- to -da te  d e s c r i p t i o n s  o f  c a p a b i l i t i e s  
and d a t a  requi rements may be ob ta ined f rom r e p o r t s  comparing and summarizing 
t h e  a p p l i c a t i o n  o f  such models [ l a ,  l b ]  o r  f rom t h e  documentation o r  c u r r e n t  
u s e r ' s  gu ides f o r  each model. 

MODEL SELECTION 

A mathematical  model may be a u s e f u l  t o o l  i n  a n a l y z i n g  stormwater problems and 
p o s s i b l e  s o l u t i o n s .  The t o o l  i s  most u s e f u l  when c a r e f u l l y  matched t o  t h e  
s p e c i f i c  s tudy  needs. The i m p o r t a n t  c o n s i d e r a t i o n s  a r e  t h e  l e v e l  o f  t h e  
assessment r e q u i r e d  t o  meet t h e  s tudy  o b j e c t i v e s ,  t h e  a v a i l a b i l i t y  o f  t h e  
i n p u t  d a t a  r e q u i r e d ,  t h e  use fu lness  o f  t h e  model o u t p u t ,  and t h e  o v e r a l l  c o s t  
o f  t h e  model. The i m p o r t a n t  c r i t e r i a  t o  be cons idered when s e l e c t i n g  a model 
a r e  presented i n  Table 52. The c r i t e r i a  a r e  based on a method developed b y  
Systems C o n t r o l ,  Inc., f o r  s e l e c t i o n  o f  water  q u a l i t y  models [Z]. 

I n  most cases, a s o p h i s t i c a t e d  model should be employed o n l y  a f t e r  i t s  use has 
been j u s t i f i e d  by r e s u l t s  f rom a s i m p l e r  one. The f i r s t  s t e p  i n  model 
s e l e c t i o n  i s  t o  p e r f o r m  a p r e l i m i n a r y  assessment o f  t h e  problem. The r e s u l t s  
can be used t o  assess whether t h e  water  q u a l i t y  problems a r e  storm-generated, 
o r  i f  o t h e r  p o i n t  and nonpo in t  d ischarges  a r e  t h e  source. A p r e l i m i n a r y  
assessment w i l l  a l so  h e l p  t o  i d e n t i f y  t h e  p o l l u t a n t s  and t h e  t i m e  p e r i o d  o f  
concern, t h e  need f o r  and a p p r o p r i a t e  l e v e l  o f  subsequent models, and t h e  d a t a  
requi rements o f  t h e  study. 

I f  j u s t i f i e d ,  a l i s t  o f  models t h a t  migh t  be used i s  then assembled. The 
models l i s t e d  i n  Table B-1 a r e  a s t a r t i n g  p o i n t .  A d d i t i o n a l  models may be 
i d e n t i f i e d  t h r o u g h  c u r r e n t  p u b l i c a t i o n s .  Adequate d e t a i l s  o f  model 
c a p a b i l i t i e s  can be o b t a i n e d  f rom t h e  l i t e r a t u r e  so t h a t  a p r e l i m i n a r y  
screen ing  can be performed. Models a p p r o p r i a t e  t o  t h e  l e v e l  o f  t h e  s tudy  and 
capable o f  s i m u l a t i n g  t h e  p o l l u t a n t s  and t i m e  p e r i o d  o f  i n t e r e s t  a r e  g i v e n  
f u r t h e r  c o n s i d e r a t i o n .  A d e t a i l e d  d e s c r i p t i o n  o f  t h e  c a p a b i l i t i e s  o f  each o f  
these models shou ld  be o b t a i n e d  f rom t h e  model o r i g i n a t o r .  Each cand ida te  
model should then be e v a l u a t e d  accord ing  t o  t h e  c r i t e r i a  l i s t e d  i n  Table B-2. 
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T O T A L  Y E A R L Y  I, ( C O M P A R A B L E  TO A 
L O A DE~X’ANT C O N T I N U O U S  L O A D )

I 

t 1 

I 1 Y E A R  

a )  P R E L I M I N A R Y  A S S E S S M E N T  MODEL 

1 1 1 YEAR i 

b )  C O N T I N U O U S  S I M U L A T I O N  MODEL 

A C T U A L  D I S T R I B U T I O N  OlF 

L O A D  W I T H I N  E V E N T  ( F I R S T  F L U S H ,  E T C . 1  

AGE LOAD W I T H I N  S I N G L E  E V E N T  

P O L L U T A N l  
B A S S / h  

AVERAGE L O A D  PER E V E N T  I ,1.-


I Y  
S E V E R A L?H O U R S  

c )  S I N G L E  E V E N T  S I M U L A T I O N  MODEL 

Figure B -1. Assessment model categories. 
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Table B-1.  CHARACTERISTICS OF ASSESSMENT MODELS, 
BY LEVEL,  I N  ORDER OF INCREASING COMPLEXITY [l] 

Catchment Sene r Uastewater 
 
hydro1ogy hyd rau l i cs  qua1 ity  H isce l  laneour 
 

Model 

O r i g i n a t o r  Acronym 

Level 1 
Desktop 

Uni vers ity  S W l  Level 1 
o f  F l o r i d a  
URS Research 
Company 
EPA-HER1 

Level 2 
Continuous 

bktcalf 6 Eddy S i m p l i f i e d  S W 4  

Metca l f  h Eddy WC 
Corps o f  
Engineers 

STORM 

Hydrocomp HSP x x x x x x x x - x - x x x x - x - x x x - x ­
Dorsch Consult QQs x x x - x x x x x x x x x x ~ - - ~ x x ~ - x ­

Level 3 
S ing le  event 
HIT Resource MITCA1 
 x x x x x x x - x x - x - - - - - - - x x - x ­
Ana lysis 
SOGREAH CAREDAS
 x x - - x x x x x x x x - - x - - - x x x - x ­
Hydrocomp HSP
 x x x x x x x x - x - x x x - - x - x x x - x ­
B a t t e l le BNW
 x x x - x x x - x x - x x x x - - x - - x x x x 
Northwest 
EPA SW x x x - x x x x x x x x x x x x x x x x x x x x 
Dorsch Consult WV-QQS x x x - x x x x x x x x x x x - - x x x x - x - . 
Water Resources STORMSEWER x x x - x x x x x x x x x x x - x - x x x - x -
Engineers 

a.  P rop r ie ta ry .  
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Table B-2. MODEL SELECTION C R I T E R I A  

Appl i c a b i  1Sty 

Uhat features are necessary t o  the  ana lys i s?  
What features are des i rab le?  

Uhat are the c a p a b i l i t i e s  o f  t he  candidate models? 

Accuracy 
Uhat l e v e l  of accuracy i s  reqd t -ed?  
Uhat accuracy i s  j u s t i f i e d  by the a v a i l a b l e  data? 
How appropr ia te t o  the  i n d i v i d u a l  s i t u a t i o n  are the representat ions and 
assumptions of each model? 

Usabi 1ity  

Is the a v a i l a b l e  model documentation s u f f i c i e n t ?  

How usable are the ou tpu t  form and content? 
 

How e a s i l y  can data be changed t o  s imulate a l t e r n a t i v e  cond i t i ons?  
 

How e a s i l y  can the model be modi f ied? 
 

Uhat are the c a p a b i l i t i e s  o f  the p lanning s t a f f  t o  apply the model and

dnalyze r e s u l t s ?  
 

cost 

Hodel a c q u i s i t i o n  cos t  
Equipment requirements and costs  
Data a c q u i s i t i o n  costa and t ime requirements 

haanpower costs  

MODEL APPLICATION 

F o r  model s beyond t h e  p r e l  i m i n a r y  assessment ca tegory ,  a p p l i c a t i o n  may be 
t h o u g h t  o f  as c o n s i s t i n g  o f  t h r e e  s teps :  c a l i b r a t i o n ,  v e r i f i c a t i o n ,  and 
a n a l y s i s .  I n  t h e  c a l i b r a t i o n  s tep,  t h e  known watershed c h a r a c t e r i s t i c s  and 
h y d r o l o g i c  d a t a  f o r  a s e l e c t e d  s e t  o f  s t o r m  events  a r e  i n p u t  and t h e  unknown 
o r  u n c e r t a i n  model parameters a d j u s t e d  so t h a t  t h e  model o u t p u t  corresponds t o  
observed r u n o f f  and r e c e i v i n g  water  responses. The model i s  v e r i f i e d  when a 
s i g n i f i c a n t l y  d i f f e r e n t  s e t  o f  c o n d i t i o n s  i s  i n p u t ,  and t h e  model aga in  
s a t i s f a c t o r i l y  p r e d i c t s  observed system behavior .  I f  t h e  model p r e d i c t i o n  f o r  
t h e  subsequent s i m u l a t i o n  i s  n o t  s a t i s f a c t o r y ,  t h e n  f u r t h e r  c a l i b r a t i o n  i s  
necessary . 
D a t a  a c q u i s i t i o n  f o r  c a l i b r a t i o n  and v e r i f i c a t i o n  u s u a l l y  represents  a major  
share o f  t h e  c o s t  o f  s i n g l e - e v e n t  and many cont inuous s i m u l a t i o n  models. To 
ensure t h a t  t h e  use fu lness  o f  model r e s u l t s  j u s t i f i e s  t h e  expend i tu re ,  
c o n s i d e r a t i o n  should be g i v e n  t o  t h e  parameters t o  be moni tored and t o  da ta  
c o l l e c t i o n  techn iques ,  An e x c e l l e n t  gu ide t o  m o n i t o r i n g  and sampl ing f o r  
r u n o f f  d a t a  i s  Methodology f o r  t h e  Study o f  Urban Storm Generated P o l l u t i o n  
-and C o n t r o l ,  [31. 

-_I---­
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APPENDIX c 
INFILTRATION MEASUREMENT TECHNIQUES 

The i f i l t  a t i o n  r a t e  va lue  t h a t  i s  r e q u i r e d  i n  des ign o f  tormwater 
p e r c o l a t i o n  f a c i l i t i e s  i s  t h e  l o n g - t e r m  acceptance r a t e  o f  t h e  e n t i r e  s o i l  
s u r f a c e  on t h e  proposed s i t e  f o r  t h e  a c t u a l  stormwater t o  be a p p l i e d .  The 
v a l u e  t h a t  can be measured i s  o n l y  a s h o r t - t e r m  e q u i l i b r i u m  acceptance r a t e  
f o r  a number o f  p a r t i c u l a r  areas w i t h i n  t h e  o v e r a l l  s i t e .  It i s  s t r o n g l y  
recommended t h a t  h y d r a u l i c  t e s t s  o f  any t y p e  be conducted w i t h  t h e  a c t u a l  
r u n o f f  whenever p o s s i b l e .  Such p r a c t i c e  w i l l  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  
r e l a t i v e  t o  p o s s i b l e  s o i l - s t o r m w a t e r  i n t e r a c t i o n s  t h a t  migh t  c r e a t e  f u t u r e  
o p e r a t i n g  problems. I f  s u i t a b l e  r u n o f f  i s  n o t  a v a i l a b l e  a t  t h e  s i t e ,  t h e  
i o n i c  compos i t ion  o f  t h e  water  used should be a d j u s t e d  t o  correspond t o  t h a t  
o f  t h e  r u n o f f .  Even t h i s  s i m p l e  s t e p  may p r o v i d e  u s e f u l  d a t a  on t h e  s w e l l i n g  
o f  expansive c l a y  m i n e r a l s  due t o  sodium exchange. 

There a r e  many p o t e n t i a l  techn iques  f o r  measuring i n f i l t r a t i o n  i n c l u d i n g  
b a s i n  f l o o d i n g ,  s p r i n k l e r  i n f i - l t r o m e t e r s ,  c y l i n d e r  i n f i l t r o m e t e r s ,  and 
l y s i m e t e r s .  The techn ique s e l e c t e d  should r e f l e c t  t h e  a c t u a l  method o f  
a p p l i c a t i o n  b e i n g  considered. For  des ign  o f  stormwater r e t e n t i o n  f a c i l i t i e s ,  
t h e  p r e f e r r e d  techn iques  a r e  b a s i c  f l o o d i n g  and c y l i n d e r  i n f i l t r o m e t e r s .  The 
a r e a  o f  l a n d  and t h e  volume o f  s tormwater  used should be 'as l a r g e  as 
p r a c t i c a l .  

Be fore  d i s c u s s i n g  t h e  two techniques,  i t  should be p o i n t e d  o u t  t h a t  t h e  
s t a n d a r d  U.S. P u b l i c  H e a l t h  S e r v i c e  (USPHS) p e r c o l a t i o n  t e s t  used f o r  
e s t a b l i s h i n g  t h e  s i z e  o f  s e p t i c  t a n k  d r a i n  f i e l d s  [l] i s  n o t  recommended 
except  f o r  very  smal l  subsur face d i s p o s a l  f i e l d s  o r  beds. Comparative f i e l d  
s t u d i e s  have shown t h a t  t h e  p e r c o l a t i o n  r a t e  f rom t h e  t e s t  h o l e  i s  always 
s i g n i f i c a n t l y  h i g h e r  than t h e  i n f i l t r a t i o n  r a t e  as determined f rom t h e  double-
c y l i n d e r  ( a l s o  c a l l e d  doub le  r i n g )  i n f i l t r o m e t e r  t e s t .  The d i f f e r e n c e  
between t h e  two techniques i s  o f  course r e l a t e d  t o  t h e  much h i g h e r  percentage 
o f  l a t e r a l  f l o w  exper ienced w i t h  t h e  s tandard  p e r c o l a t i o n  t e s t .  The f i n a l  
r a t e s  measured a t  four  l o c a t i o n s  on a 30 acre  (12 ha) s i t e  u s i n g  t h e  two 
techn iques  a r e  compared i n  Tab le  C1. The lower  c o e f f i c i e n t  o f  v a r i a t i o n  
( d e f i n e d  as t h e  s tandard d e v i a t i o n  d i v i d e d  b y  t h e  mean va lue,  C v  = s/M f o r  
t h e  d o u b l e - c y l i n d e r  techn ique i s  e s p e c i a l l y  s i g n i f i c a n t .  A p l a u s i b l e  
i n t e r p r e t a t i d n  i s  t h a t  t h e  measurement techn ique i n v o l v e d  i n  i n h e r e n t l y  more 
p r e c i s e  than t h e  s tandard  p e r c o l a t i o n  t e s t .  
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Table C - 1 .  COMPARISON OF INFILTRATION MEASUREMENT U S I N G  
  
STANDARD USPHS PERCOLATION TEST AND DOUBLE-CYLINDER INFILTROMETER~ 
 

i q u i  1 ibri urn infi1 tration 
rate, i n . / h  

Standard USPHS Double-cylinder
Location percolation test infiltrometer 


1 48.0 9.0 


2 84.0 10.8 


3 60.0 14.4 


4 138.0 12.0 


Mean 82.5 11.6 


Standard 

deviat ion 40.0 2.3 

Coefficient 

of variation 0.48 0.20 


a. Using sandy soil free o f  clay. 

FLOODING BASIN TECHNIQUES 

Where p i l o t  bas ins  have been used f o r  e t e r m i n  t i o n  o f  i n f i l t r a t i o n ,  t h e  
p l o t s  have g e n e r a l l y  ranged f rom 10 f t9 (0.9 m?) t o  0.25 a c r e  (0.1 ha).  
Larger  p l o t s  a r e  p r o v i d e d  w i t h  a border  arrangement f o r  a p p l i c a t i o n  o f  t h e  
water .  I f  t h e  p l o t s  a r e  f i l l e d  by hose, a canvas o r  b u r l a p  sack o v e r  t h e  end 
o f  t h e  hose w i l l  m in imize  d is tu rbance o f  t h e  s o i l  [Z]. Al though b a s i n  t e s t s  
a r e  d e s i r a b l e ,  and should be used whenever p o s s i b l e ,  t h e r e  p r o b a b l y  w i l l  n o t  
a r i s e  many o p p o r t u n i t i e s  t o  do so because o f  t h e  l a r g e  volumes o f  water  
needed f o r  measurements. I n  a t  l e a s t  one known i n s t a n c e ,  p i l o t  b a s i n s  o f  
l a r g e  s c a l e  ( 5  t o  8 acres o r  2 t o  3.2 ha) were used t o  demonstrate f e a s i b i l i t y  
o f  wastewater p e r c o l a t i o n  and then were i n c o r p o r a t e d  i n t o  t h e  l a r g e r  f u l l -
s c a l e  system [3?. 

CYLINDER INFILTROMETERS 

A u s e f u l  r e f e r e n c e  on c y l i n d e r  i n f i l t r o m e t e r s  i s  Haise,  -- [4]. The b a s i c  e t  a l .  
technique,  as c u r r e n t l y  p r a c t i c e d ,  i s  t o  d r i v e  o r  j a c k  a m e t a l  c y l i n d e r  i n t o  
t h e  s o i l  t o  a depth o f  about 6 i n .  (15 cm) t o  p r e v e n t  l a t e r a l  o r  d i v e r g e n t  
f l o w  o f  water  f rom t h e  r i n g .  The c y l i n d e r  should be 6 t o  14 i n .  (15 t o  35 cm) 
i n  d iameter  and approx imate ly  10 i n .  (25 cm) i n  l e n g t h .  D i v e r g e n t  f l o w  i s  
f u r t h e r  min imized by means of a " b u f f e r  zone'' sur round ing  t h e  c e n t r a l  r i n g .  
The b u f f e r  zone i s  commonly p rov ided by another  c y l i n d e r  16 t o  30 i n .  (40 t o  
7 5  cm) i n  d iameter  d r i v e n  t o  a depth o f  2 t o  4 i n .  ( 5  t o  10 cm) and k e p t  
p a r t i a l l y  f u l l  of  water  d u r i n g  t h e  t i m e  o f  i n f i l t r a t i o n  measurements f rom t h e  
i n n e r  r i n g .  A l t e r n a t i v e l y ,  a b u f f e r  zone may be p r o v i d e d  by d i k i n g  t h e  area 
around t h e  i n t a k e  c y l i n d e r  w i t h  l o w  ( 3  t o  4 i n .  o r  7.5 t o  10 cm) ear then 
d i k e s .  
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The q u a n t i t y  o f  water  t h a t  migh t  have t o  be s u p p l i e d  t o  t h e  d o u b l e - c y l i n d e r  
system d u r i n g  a t e s t  can be s u b s t a n t i a l  and migh t  be considered a l i m i t a t i o n  
o f  t h e  techn ique.  Fo r  h i g h l y  permeable s o i l ,  a 1,500 gal  (5,680 L )  tank t r u c k  
m i g h t  be needed t o  h o l d  a d a y ' s  water  supply  f o r  a s e r i e s  o f  t e s t s .  The b a s i c  
c o n f i g u r a t i o n  o f  t h e  equipment d u r i n g  a t e s t  i s  shown i n  F igure  C - 1 .  

Th is  techn ique i s  thought  t o  produce da ta  t h a t  a r e  a t  l e a s t  r e p r e s e n t a t i v e  o f  
t h e  v e r t i c a l  component o f  f l o w .  I n  most s o i l s ,  t h e  i n f i l t r a t i o n  r a t e  w i l l  
decrease th roughout  t h e  t e s t  and approach a steady s t a t e  va lue a s y m t o t i c a l l y .  
T h i s  may r e q u i r e  as l i t t l e  as 20 t o  30 minutes i n  some s o i l s  and severa l  hours 
i n  o thers .  The t e s t  cannot be t e r m i n a t e d  u n t i l  t h e  steady s t a t e  i s  a t t a i n e d  
o r  e l s e  t h e  r e s u l t s  a r e  meaningless. 

The f o l l o w i n g  precaut ions  concern ing t h e  c y l i n d e r  i n f i l t r o m e t e r  t e s t  a r e  
noted. 

1. 	 I f  a more r e s t r i c t i v e  l a y e r  i s  p resent  below t h e  in tended p lane o f  
i n f i l t r a t i o n  and t h i s  l a y e r  i s  c l o s e  enough t o  t h e  in tended p l a n e  t o  
i n t e r f e r e ,  t h e  i n f i l t r a t i o n  c y l i n d e r s  should be embedded i n t o  t h i s  
l a y e r  t o  ensure a c o n s e r v a t i v e  es t imate .  

2. 	 The method of  placement i n t o  t h e  s o i l  may be a s e r i o u s  l i m i t a t i o n .  
D is tu rbance o f  n a t u r a l  s t r u c t u r a l  c o n d i t i o n s  ( s h a t t e r i n g  o r  
compact ion) may cause a l a r g e  v a r i a t i o n  i n  i n f i l t r a t i o n  r a t e s  
between r e p l i c a t e d  runs. A lso  t h e  i n t e r f a c e  between t h e  s o i l  and 

- t h e  metal  c y l i n d e r  may become a seepage p lane,  r e s u l t i n g  i n  
abnormal ly  h i g h  r a t e s .  I n  cohesion less s o i l s  (sands and g r a v e l s ) ,  
t h e  poor bond between t h e  s o i l  and t h e  c y l i n d e r  may a l l o w  seepage 
around t h e  c y l i n d e r  and cause " p i p i n g . "  T h i s  can be observed e a s i l y  
and c o r r e c t e d ,  u s u a l l y  by moving a s h o r t  d i s t a n c e  t o  a new l o c a t i o n  
and t r y i n g  again,  V a r i a b i l i t y  o f  d a t a  caused by c y l i n d e r  placement 
can l a r g e l y  be overcome by l e a v i n g  t h e  c y l i n d e r s  i n  p l a c e  o v e r  an 
extended p e r i o d  d u r i n g  a s e r i e s  o f  measurements [Z]. 

Knowledge o f  t h e  r a t i o  o f  t h e  t o t a l  q u a n t i t y  o f  water  i n f i l t r a t e d  t o  t h e  
q u a n t i t y  o f  water  remain ing  d i r e c t l y  beneath t h e  c y l i n d e r  i s  e s s e n t i a l  i f  one 
i s  i n t e r e s t e d  o n l y  i n  v e r t i c a l  water  movements. I f  no c o r r e c t i o n  i s  made f o r  
l a t e r a l  seepage, t h e  measured i n f i l t r a t i o n  r a t e  i n  t h e  c y l i n d e r  w i l l  be w e l l  
i n  excess o f  t h e  " r e a l "  r a t e  [5]. Several  i n v e s t i g a t o r s  have s t u d i e d  t h i s  
problem o f  l a t e r a l  seepage and have o f f e r e d  suggest ions f o r  h a n d l i n g  i t  [5, 
6, 791.  

As p o i n t e d  o u t  by Van Schi 1fgaarde [ 8 ] ,  measurements of  h y d r a u l i c  
c o n d u c t i v i t y  on s o i l  samples o f t e n  show wide v a r i a t i o n s  w i t h i n  a r e l a t i v e l y  
smal l  area. Hundred- fo ld  d i f f e r e n c e s  a r e  common on some s i t e s .  Assessing 
h y d r a u l i c  c a p a c i t y  f o r  a p r o j e c t  s i t e  i s  e s p e c i a l l y  d i f f i c u l t  because t e s t  
p l o t s  may have adequate c a p a c i t y  when t e s t e d  as i s o l a t e d  p o r t i o n s ,  b u t  may 
prove t o  have inadequate c a p a c i t y  a f t e r  water  i s  a p p l i e d  t o  t h e  t o t a l  area 
f o r  p ro longed per iods .  Par izek  has observed t h a t  problem areas can be 
a n t i c i p a t e d  more r e a d i l y  by f i e l d  s tudy f o l l o w i n g  s p r i n g  thaws o r  pro longed 
p e r i o d s  o f  heavy r a i n f a l l  and recharge [9]. Runoff ,  ponding, and near 
s a t u r a t i o n  c o n d i t i o n s  may be observed f o r  b r i e f  p e r i o d s  a t  s i t e s  where 
dra inage problems a r e  l i k e l y  t o  occur  a f t e r  e x t e n s i v e  a p p l i c a t i o n  begins.  
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Figure c-1 . Cylinder infiltrometer in  use 
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Al though far t o o  few e x t e n s i v e  t e s t s  have been made t o  ga ther  meaningfu l  
s t a t i s t i c a l  da ta  on t h e  c y l i n d e r  i n f i l t r o m e t e r  technique,  one very  
comprehensive s tudy i s  a v a i l a b l e  f rom which t e n t a t i v e  conc lus ions  can b e  
drawn. Burgy and L u t h i n  r e p o r t e d  on s t u d i e s  o f  t h r e e  40 by 90 f t  (12.2 x 
27.4 m )  p l o t s  o f  Yo10 s i l t  loam c h a r a c t e r i z e d  by t h e  absence o f  h o r i z o n  
development i n  t h e  upper p r o f i l e  [lo]. The p l o t s  were d i k e d  w i t h  levees  2 f t  
(0.6 m )  high.  Each p l o t  was f l o o d e d  t o  a depth of 1.5 ft (0.5 m), and t h e  
t i m e  f o r  t h e  water  t o  subside t o  a depth o f  0.5 ft (0.15 m )  was noted. The
p l o t s  were t h e n  a l l o w e d  t o  d r a i n  t o  t h e  approximate f i e l d  c a p a c i t y  and a 
s e r i e s  o f  c y l i n d e r  i n f i l t r o m e t e r  tes ts - -357 t o t a l - - w e r e  made. 

Test  r e s u l t s  f rom t h e  t h r e e  bas ins  l o c a t e d  on t h e  same homogeneous f i e l d  were 
compared. I n  a d d i t i o n ,  t e s t  r e s u l t s  f rom s i n g l e - c y l i n d e r  i n f i l t r o m e t e r s  w i t h  
no  b u f f e r  zone were compared w i t h  those from d o u b l e - c y l i n d e r  i n f i l t r o m e t e r s .  
The i n s i d e  c y l i n d e r s  had a 6 i n .  (15 cm) d iameter ;  t h e  o u t s i d e  c y l i n d e r s ,  
where used, had a 12 i n .  (30 cm) diameter.  

For  t h i s  p a r t i c u l a r  s o i l ,  t h e  presence o f  a b u f f e r  zone d i d  n o t  have a 
s i g n i f i c a n t  e f f e c t  on t h e  measured r a t e s .  Consequently, a l l  o f  t h e  d a t a  a r e  
summarized on one h is togram i n  F igureC-2.  The c a l c u l a t e d  mean o f  t h e  
d i s t r i b u t i o n  shown i s  6.2 in. /h (15.7 cm/h). The s tandard  d e v i a t i o n  i s  
5.1 i n . / h  (12.9 cm/h). 

Burgy and L u t h i n  suggest t h a t  t h e  extreme h i g h  values, w h i l e  n o t  erroneous, 
s h o u l d  be r e j e c t e d  i n  c a l c u l a t i n g  t h e  h y d r a u l i c  c a p a c i t y  o f  t h e  s i t e .  
P h y s i c a l  i n s p e c t i o n  r e v e a l e d  t h a t  these va lues  were o b t a i n e d  when t h e  
c y l i n d e r s  i n t e r s e c t e d  gopher burrows o r  r o o t  tubes. A l though these phenomena 
had an e f f e c t  on t h e  i n f i l t r a t i o n  r a t e ,  t h e y  should n o t  be i n c l u d e d  i n  t h e  
a v e r a g i n g  process s i n c e  t h e y  c a r r i e d  t o o  much weight.  

As a c r i t e r i o n  f o r  r e j e c t i o n ,  Burgy and L u t h i n  suggest o m i t t i n g  a l l  va lues 
g r e a t e r  t h a n  t h r e e  s tandard  d e v i a t i o n s  f rom t h e  mean va lue.  They f u r t h e r  
suggest  an a r b i t r a r y  s e l e c t i o n  o f  t h e  mean and s t a n d a r d  d e v i a t i o n  f o r  t h i s  
procedure based on one 's  b e s t  e s t i m a t e  o f  t h e  c o r r e c t e d  va lues  r a t h e r  t h a n  
t h e  o r i g i n a l  c a l c u l a t i o n s .  From i n s p e c t i o n  o f  t h e  h is togram,  t h e s e  va lues  
m i g h t  be s e l e c t e d  as about 5 i n . / h  (12.7 cm/h) and 3.5 in . /h  (8.9 cm/h), 
r e s p e c t i v e l y .  Thus, a l l  va lues g r e a t e r  than 5.0 + 3(3.5), o r  15.5 in . /h  
(39.4 cm/h) a r e  a r b i t r a r i l y  r e j e c t e d :  a t o t a l  o f  12 o f  t h e  357 t e s t s  made 
(3.4%). 

Because i t  i s  i m p o r t a n t  t o  p r o v i d e  c o n s e r v a t i v e  d e s i g n  parameters f o r  t h i s  
twowork, however, i t  i s  recommended t h a t  a l l  va lues g r e a t e r  than -standard 

d e v i a t i o n s  f rom t h e  mean be r e j e c t e d .  F o r  t h e  example, t h i s  r e s u l t s  i n  t h e  
r e j e c t i o n  o f  a l l  va lues  g r e a t e r  than 5.0 + 2(3.5), o r  1 2  i n . / h  (30.5 cm/h) 
f r o m  t h e  average. A recomputat ion u s i n g  t h i s  c r i t e r i o n  p r o v i d e s  a mean of  
5.1 in . /h  (12.5 cm/h) and a s tandard d e v i a t i o n  o f  2.8 in . /h  (7 .1  cm/h). T h i s  
average va lue  i s  w i th in  16% o f  t h e  " t r u e "  mean va lue  o f  4.4 i n . / h  (11.2 cm/h) 
as measured d u r i n g  f l o o d i n g  t e s t s  o f  t h e  e n t i r e  p l o t .  
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The main q u e s t i o n  t o  be answered now i s ,  how many i n d i v i d u a l  t e s t s  must be 
made t o  o b t a i n  an average t h a t  i s  w i t h i n  some g i v e n  percent  o f  t h e  t r u e  mean, 
say a t  t h e  90% conf idence i n t e r v a l ?  The answer has been p r o v i d e d  b y  
s t a t i s t i c i a n s  u s i n g  t h e  Student " T "  d i s t r i b u t i o n .  D e t a i l s  o f  t h e  d e r i v a t i o n  
a r e  o m i t t e d  here b u t  can be found i n  most s tandard t e x t s  on s t a t i s t i c s .  

The r e s u l t s  o f  two t y p i c a l  s e t s  o f  computat ions a r e  summarized i n  F igures  C-3 
and c-4, The two se ts  o f  curves a r e  f o r  90% and 95% conf idence i n t e r v a l s .  
The conf idence i n t e r v a l  and t h e  d e s i r e d  p r e c i s i o n  a r e ,  o f  course, b a s i c  
cho ices  t h a t  t h e  engineer  must make. A 90% conf idence i n  t h e  measured mean, 
which i s  w i t h i n  30% o f  t h e  t r u e  mean', may be s u f f i c i e n t  f o r  smal l  s i t e s  where 
n e i g h b o r i n g  p r o p e r t y  i s  a v a i l a b l e  f o r  expansion i f  necessary. On t h e  o t h e r  
hand, 95% conf idence t h a t  t h e  measured va lue  i s  w i t h i n  10% o f  t h e  t r u e  mean 
may be more a p p r o p r i a t e  f o r  l a r g e r  s i t e s  or f o r  s i t e s  where expansion w i l l  n o t  
be e a s i l y  accomplished once t h e  p r o j e c t  i s  c o n s t r u c t e d .  

The c o e f f i c i e n t  o f  v a r i a t i o n  w i l l  have t o  be e s t i m a t e d  f rom a few p r e l i m i n a r y  
t e s t s  because i t  i s  t h e  main p l o t t i n g  parameter i n  t h e s e  f i g u r e s .  As an 
example, f o r  t h e  a d j u s t e d  d i s t r i b u t i o n  o f  Burgy and L u t h i n ' s  d a t a  w i t h  a 
c o e f f i c i e n t  o f  v a r i a t i o n  e s t i m a t e d  a t  0.55, a t  l e a s t  23 separate t e s t s  would 
be r e q u i r e d  t o  have 90% conf idence t h a t  t h e  computed mean would be w i t h i n  20% 
o f  t h e  t r u e  mean va lue  o f  i n f i l t r a t i o n .  Obvious ly ,  t i m e  and budget 
c o n s t r a i n t s  must be considered i 'n making t h e  c o n f i d e n c e  and accuracy 
d e t e r m i n a t i o n s ;  3 t o  4 man-days o f  work migh t  be r e q u i r e d  t o  make 23 c y l i n d e r  
in fi1t r o m e t e r  t e s t s .  
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within s ta ted  percent of the t rue  mean. 
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C O E F F I C I E N T  OF V A R I A T I O N  

Figure C-4. Number of t e s t s  required f o r  95% 
confidence t h a t  the  calculated mean i s  

within s ta ted  percent of the t rue  mean. 
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